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We construct a formalism for evolving spherically symmetric black hole initial data sets within a
canonical approach to quantum gravity. This problem can be formulated precisely in quantum re-
duced loop gravity, a framework which has been successfully applied to give a full theory derivation
of loop quantum cosmology. We extend this setting by implementing a particular choice of partial
gauge which is then used to select a kinematical Hilbert space where the symmetry reduction is im-
posed through semiclassical states. The main result of this investigation is an effective Hamiltonian
that can be used to solve for quantum black hole geometries by evolving classical black hole initial
data sets.
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I. INTRODUCTION
Singularities are generic predictions of general relativity; this was the conclusion of the first singularity theorem
that was discovered by Roger Penrose in 1964 [1]. Prior to this, it was widely suspected that singularities are aspects
of algebraically special spacetimes or end results of highly symmetric processes [2], as in the gravitational collapse of
a spherically symmetric compact object [3]. Penrose’s arguments instead attributed the occurrence of singularities
to the formation of trapped surfaces in geometries where the Ricci curvature tensor satisfies Rabkakb ≥ 0 for all null
vectors ~k. 1 Further progress concerning the formation of singularities in general relativity was subsequently made
by the landmark theorems of Hawking and Penrose [4, 5]. 2
Despite their robustness, singularity theorems are reliable only in the regime where spacetime geometry is classical.
This, however, runs contrary to what they set out to accomplish. In fact, one expects quantum corrections to classical
geometry to become relevant on scales where |RabcdRabcd| & l−4p , where Rabcd is the Riemann curvature tensor and
lp ∼ 10−33cm is the Planck length. For the most elementary examples of singularity in general relativity, |RabcdRabcd|
1 Penrose’s theorem requires global hyperbolicity for the spacetime.
2 See [6] for an extensive discussion of these results.
3blows up as one approaches the singularity. Therefore, whether singularities generically form in nature as predicted
by the singularity theorems hinges on how spacetime behaves in the quantum domain.
The degree to which quantum effects modify classical singularities has long been a subject of speculation. Penrose
argued in [7] that understanding the quantum structure of the initial spacetime singularity is the key to resolving
one of the long-standing puzzles in theoretical physics, namely the second law of thermodynamics and the origin
of the observed (albeit minute) time asymmetry in nature. 3 Should quantum effects resolve this initial spacetime
singularity by replacing it with a bounce, it may be difficult to concoct a compelling explanation for the second law of
thermodynamics [11]. 4 5 However, in the context of quantum geometry, one expects the notion of entropy and how
it evolves to be scale dependent. Therefore, the fate of the second law in quantum gravity is tied to understanding
the quantum structure of the Universe near the cosmological singularities as well as the exact mechanism by which
the classical and continuous spacetime manifold emerges from them.
Aside from cosmological singularities, one can also ponder upon consequences of black hole singularities being
removed by quantum effects. In that case, a resolution for a number of outstanding riddles and open questions may
be within reach. Of significant importance are the cosmic censorship hypothesis [14] and the information loss paradox
of black hole evaporation [15]. For the latter, if the semiclassical approximation scheme is correct, the unitarity
principle of quantum mechanics is violated by pure states evolving into mixed states during black hole evaporation
(see [16] for a review of the basic arguments). Several ideas have been proposed to resolve this paradox with some
being more radical than others. On the more exotic side, there are ideas proposing black hole event horizons turning
into “firewalls” [17] or “fuzzballs” [18]. In these speculative scenarios, phenomena in gross violation of the equivalence
principle are required to occur on a black hole event horizon in order to shut down correlations between the infalling
and outgoing pair of created particles. On the more conservative end of the spectrum, there are proposals such as
Planck-sized remnants of the evaporation process [19, 20], and singularity resolution by quantum gravity effects that
lead to an extension of the spacetime diagram for evaporating black holes [21]. However, a clear-cut resolution to the
aforementioned paradox has not yet emerged in these latter proposals either. Indeed the idea of black hole remnants
has been criticized for a lack of viability as it requires a Planck-sized object to have an enormous entropy, roughly
on the order of M2 where M is the black hole mass, which in turn leads to the infinite pair production problem,
although objections have been raised against this critique in the literature (see, e.g., [16, 22–24] for a discussion).
Similarly in the case where the black hole singularity is resolved and a classical spacetime emerges to the causal
future of the would-be singularity, a description for a concrete mechanism that purifies the early radiation degrees
of freedom is lacking (see, however, [25] for an interesting proposal). Beyond all speculations, a definitive fate of
a classical singularity is only predicted by a detailed full quantum gravity calculation. Given the intimate relation
between the last stages of black hole evaporation and Planck-scale physics, this paradox will likely be resolved by a
better understanding of a quantum gravity description.
Presently, string theory and loop quantum gravity (LQG) have been sufficiently developed to allow for problems
of this kind to be explored within their respective frameworks. In the past two decades some evidence has emerged
in string theory in favor of quantum singularity resolution. One of the earliest results is by Horowitz et al. [26]
where AdS/CFT duality was used to argue that the interior of a black hole in anti-de Sitter space is described by
a singularity-free supersymmetric field theory on the boundary. Similar results have been obtained for cosmological
singularities using the AdS/CFT duality [27–30]. Aside from AdS/CFT, other well-known proposals include models
with tachyon condensation [31, 32], matrix models [33, 34], and models that use orientifolds [35]. Nevertheless, no
full theory calculation has been produced that can provide a definitive answer.
LQG [36] embodies the most studied nonperturbative quantization program of the gravitational field. Questions
such as the quantum fate of classical spacetime singularities can in principle be formulated and investigated within
this framework [37, 38]. On the specific subject of black hole singularities, a number of very important studies [39–
41][42–44][45–47] have been conducted where the primary focus is on the geometry interior to the event horizon of a
Schwarzschild black hole. The aforementioned geometry is homogeneous and can be described by the Kantowski-Sachs
type metric. This particular geometry can be treated as a minisuperspace for which the techniques developed in the
cosmological context by loop quantum cosmology (LQC) [48–50] are available and can be readily used. The results
of these investigations point to a singularity resolution of the bouncing cosmological type [51–53]. Further evidence
of singularity resolution due to the implementation of the LQG dynamics was provided also in [54, 55].
The study of the complete phase space in the symmetry reduced case started with the work of Kuchar [56] in metric
variables and the work of Thiemann and and Kastrup [57] in complex Ashtekar variables which was then revised using
LQG techniques [58]. In [59–61] the Ashtekar-Barbero connection was used to obtain a kinematical description along
3 A microscopic example of this time-asymmetry is the CP -violating decay of K0 meson [8–10].
4 We refer the interested reader to [7] where the vanishing Weyl curvature hypothesis is explained.
5 Steinhardt and Turok have argued in [12, 13] that in ekpyrotic models the second law of thermodynamics is respected; the total entropy
increases from cycle to cycle while the entropy density undergoes periodic behaviour. Nonetheless, ekpyrotic models do not provide any
explanations for the origin of the second law.
4with the Hamiltonian constraint. In [62, 63] the extension of the previous results within a classical modification of the
Dirac algebra that transforms the symmetry reduced case in a Lie algebra allowed one to define the physical Hilbert
space and observables corresponding to a metric that was shown to be free of singularity.
A parallel line of investigation was conducted within the framework of covariant LQG, namely the spinfoam models
[64]. The idea is that if the singularity is removed as in the homogeneous LQC, it is reasonable to expect a black
hole-white hole transition named a Planck star [65] that can be modeled with a nonsingular metric [66, 67] of the
Hayward type [68]. The tunneling can then be studied in terms of transition amplitudes between coherent states
representing classical spacetimes [69, 70]. Phenomenological consequences were discussed in [71–73].
An alternative approach to model semiclassical and continuous spherically symmetric geometry has recently been
pursued within the framework of group field theory (GFT) [74] in its operatorial formulation, providing a second
quantized version of LQG. The main idea behind this approach is to describe homogeneous continuum geometries in
terms of GFT condensate states encoding the information in a condensate wave function depending on a few collective
variables [75]. This allows one to model a black hole geometry by starting from the full theory and implementing the
symmetry reduction at the quantum level [76, 77]. In this case, application of the GFT condensates formalism to the
cosmological setting has allowed one to recover modified Friedmann equations showing the presence of a bounce in the
Planck regime [78–82]. One could then hope that also for the black hole case singularity resolution could be proven.
However, implementation of the GFT dynamics in the black hole context is currently out of reach due to the highly
challenging technical difficulties when dealing with generalized condensate states implementing graph connectivity.
The main achievement of this manuscript is to show how to successfully implement the LQG dynamics to the case of
a spherically symmetric black hole geometry while starting from the full theory and keeping the graph structure.
In this article we adopt the so-called quantum reduced loop gravity (QRLG) [83–91] approach and apply it to
spherically symmetric geometries. At the heart of this approach lies the old familiar idea that a choice of symmetry
compatible coordinate system drastically simplifies the task of solving the Einstein equations. QRLG intends to carry
this simplification to the quantum level. To understand this better, it is helpful to briefly review how this framework
has been applied to homogeneous anisotropic cosmologies.
In the case of Bianchi I spacetime, the existence of three Killing vector fields allows one to choose a coordinate
system in which the metric is diagonal and only dependent on the time variable. The space of Bianchi I metrics is
then just a subspace of the full Arnowitt-Deser-Misner (ADM) phase space that consists of homogeneous and diagonal
3-metrics. Note that diagonalizing 3-metrics is always achievable by imposing a partial gauge fixing (i.e. by using the
gauge freedom provided by the spatial diffeomorphisms [92, 93]), which comes at the cost of dealing with second class
constraints and selecting a partially reduced phase space. A subspace of the latter is coordinate independent metrics
singled out by symmetry. The classical use of a minisuperspace can thus be seen as first reaching the partially reduced
phase space and then restricting it to its symmetric sector. The QRLG approach to cosmology was devoted to access
this sector at the quantum level as opposed to LQC, in which the symmetry reduction is performed classically and
one is then left with finite-dimensional systems. The main reason for this extra step is that the fundamental structure
of LQG does not permit one to use differential geometry to define the notion of symmetry at the quantum level. In
the process of symmetry reduction followed by quantization (as required in LQC) most of the structure of the full
Hilbert space is lost and has to be reintroduced via assumptions.
The QRLG approach is to revert the process of symmetry reduction and quantization to derive a symmetric sector
of LQG in which none of the fundamental structures of the full theory is lost. To achieve this goal, a reduced
Hilbert space is first selected from the full kinematical Hilbert space for which the metric is diagonal and then the
symmetry reduction is performed, selecting homogeneous coherent states. This procedure allows one to work with the
complete structure of the full theory, consisting of quantum states of polymeric nature labeled by graphs and SU(2)
representations. Moreover, it shows that the minisuperspace effective quantization of LQC can be reproduced at the
level of the expectation values of quantum operators acting on the partially gauge fixed Hilbert space. However, the
presence of the graphs also leads to some modification in the deep Planckian regime.
Here we intend to apply the same construction to spherically symmetric geometries. We will do this in four steps:
in the first step, we implement the gauge fixing condition at the quantum level to define the partially gauge fixed
Hilbert space 6. This corresponds to the classical reduced phase space for a suitable choice of gauge that results in
the triad Eai having only the five components Er3 , Eθ1 , Eθ2 , E
φ
1 , E
φ
2 . In terms of the 3-metric, this partial gauge choice
amounts to having only the rr, θθ, θφ and φφ components as nonzero. In the second step, we project the constraints
defined in the full theory to represent the classical gauge unfixed constraints [97]. The third step is to define states
belonging to this kinematical Hilbert space where the classical notion of symmetry can be defined using spherically
6 Recent studies [94–96] attempted to provide a quantization for the reduced phase space in a radial gauge for the ADM variables different
from the one introduced in [97] for connection variables. In [96] a scheme to implement symmetry reduction at the quantum level was
also introduced; however, this analysis relies on a Peldan hybrid connection, yielding a description of the kinematical Hilbert space in
terms of point holonomies and a restricted action of the Hamiltonian constraint to a single point for a given 2-sphere.
5symmetric coherent states. Finally, we define the effective constraints by taking the expectation value of the quantum
reduced constraints on the symmetry reduced states.
This article is organized as follows. In Sec. II we review the canonical formulation of general relativity when
restricted to spherically symmetric geometries. In Sec. III we show how this symmetric phase space can be seen as
a subspace of a partially gauge fixed phase space. We work out the first class constraint algebra obtained from the
gauge unfixing procedure that preserves this subspace. In Sec. IV we build the reduced kinematical Hilbert space that
implements at the quantum level this partial gauge fixing. We then derive the Hamiltonian constraint operator acting
on this Hilbert space in Sec. V. After this, we build the semiclassical states representing spherically symmetric states
in Sec. VI. Finally in Sec. VII we derive the effective Hamiltonian by taking the expectation value of the reduced
Hamiltonian constraint evaluated on the coherent states. Further technical details are presented in Appendixes A, B;
Appendix C contains an alternative approach to the quantization of the Lorentzian part of the Hamiltonian constraint.
II. CANONICAL FORMULATION IN ASHTEKAR VARIABLES FOR GEOMETRIES IN SPHERICAL
SYMMETRY
The ADM formalism [98] describes the Hamiltonian evolution of initial data sets in general relativity. In this
context, a vacuum initial data set consists of a spacelike Cauchy surface 7 Σt together with its intrinsic metric qab
and a symmetric tensor piab that are required to satisfy
(3)R
4κ2
− q−1piabpiab + 1
2
q−1pi2 = 0,
Da(q
−1/2piab) = 0, (1)
on Σt. Here Da is the qab compatible torsion-free derivative operator, κ ≡ 8piG, q ≡ det(qab), and pi ≡ qabpiab. Once
embedded in a four-dimensional spacetime, piab is related to the extrinsic curvature Kab of Σt by
piab =
1
2κ
√
q(Kab −Kqab). (2)
The canonical phase space variables, namely qab and piab, are evolved by the relevant Hamiltonian (to be described
below) and are subject to the following Poisson bracket{
piab(t,x), qcd(t,y)
}
= 2κδa(cδ
b
d)δ
3(x− y) (3)
at all times. Note that not all components of qab and piab are independent; of 12 components, 4 can be eliminated by
a choice of coordinate gauge and another 4 are eliminated by virtue of Eq. (1). This leaves two propagating degrees
of freedom for the gravitational field as expected.
The intrinsic metrics on all Σt can be sewed together to provide a spacetime metric given by
ds2 = −N2dt2 + qab(dxa +Nadt)(dxb +N bdt), (4)
where N is the lapse function and Na is the shift vector. A choice of N and Na determines a foliation for the
spacetime. One needs to specify a foliation prior to solving the Hamilton’s equations for qab and piab.
Here we are interested in the case where Σt has the topology Σt = R× S2 and the spacetime geometry is assumed
to be spherically symmetric. The most generic spacetime metric is then given by
ds2 = −N2dt2 + Λ2(dr +Nrdt)2 +R2(dθ2 + sin2 θ dϕ2) , (5)
where N,Nr, R,Λ are functions of r and t, with −∞ < t, r < ∞. Λ(t, r) and R(t, r) are assumed to be positive
functions; together with their conjugate momenta they represent the set of phase space canonical variables. Note that
it follows from the above equation that the intrinsic metric on the spacelike hypersurfaces is
dσ2 = Λ2dt2 +R2
(
dθ2 + sin2 θ dϕ2
)
. (6)
Expectedly, once a foliation is chosen, two independent functions are sufficient to describe an arbitrary metric in
spherical symmetry.
7 Σt represents an instant of time in the spacetime M . One tacitly assumes that M = R× Σt.
6As it turns out, the canonical quantization program is most conveniently formulated in terms of the Ashtekar-
Barbero connection Aia and the densitized triad Eai instead of qab and piab. 8 This way, deriving the quantum
corrected semiclassical Hamiltonian is significantly more straightforward, as will be shown in the subsequent sections.
The spatial index a runs over {r, θ, ϕ}, while the SU(2) internal index i ∈ {1, 2, 3}. One then has the following Poisson
bracket {
Aia(x), E
b
j (y)
}
= κγδijδ
b
aδ
3(x− y) (7)
in lieu of Eq. (3). Note that here δ3(x−y) ≡ δ(rx−ry)δ(θx−θy)δ(ϕx−ϕy) and γ is the Barbero-Immirzi parameter.
To derive the densitized triad, we begin by deriving the tetrad eIα for the metric (5). This is done using the relation
gαβ = e
I
αeIβ . A quick calculation reveals
gtt = −N2 + Λ2(Nr)2 = −(e0t )2 + (e3t )2 ,
gtr = Λ
2Nr = −e0t e0r + e3t e3r ,
grr = Λ
2 = −(e0r)2 + (e3r)2 ,
gθθ = R
2 = e1θe1θ + e
2
θe2θ ,
gϕϕ = R
2(sin θ)2 = e1ϕe1ϕ + e
2
ϕe2ϕ ,
gθϕ = 0 = e
1
θe1ϕ + e
2
θe2ϕ ,
from which we read off the complete set of tetrad components
e0 = Ndt , (8a)
e3 = ΛNrdt+ Λdr , (8b)
e1 = R cos α˜dθ −R sin θ sin α˜dϕ , (8c)
e2 = R sin α˜dθ +R sin θ cos α˜dϕ . (8d)
Here we have left a rotation freedom for the components e1 and e2 described by the angle α˜, which can have any
arbitrary given value. The tetrad components also satisfy the following equations:
e0re
r
3 + e
0
t e
t
3 = 0 ,
e1θe
θ
2 + e
1
ϕe
ϕ
2 = 0 .
If we go to the time gauge where e0a = na, the densitized triad
E = Eai τ
i∂a , where E
a
i =
1
2
abcijke
j
be
k
c , (9)
becomes
E = R2 sin θ τ3∂r + ΛR sin θ
(
cos α˜ τ1 + sin α˜ τ2
)
∂θ + ΛR
(
cos α˜ τ2 − sin α˜ τ1)∂ϕ . (10)
Here τ i are basis vectors in the internal space. 9
The connection components ωIJa = −ωJIa can be computed from the torsion-free condition deI = −ωIJ ∧ eJ . The
explicit derivation is provided in Appendix A. Using the result of Eqs. (A3a)-(A3f), the Ashtekar-Barbero connection
Ai = Γi + γKi, where Γi = − 12ijkωjk and Ki = ω0i, is given by
A = Aiaτidx
a = −γ (Λ
′Nr + ΛNr ′ − Λ˙)
N
τ3 dr
+
R′
Λ
®ñ
γ
Ç
Nr − R˙
R′
å
sin α˜+ cos α˜
ô
τ2 +
ñ
γ
Ç
Nr − R˙
R′
å
cos α˜− sin α˜
ô
τ1
´
dθ
+
sin θR′
Λ
®ñ
γ
Ç
Nr − R˙
R′
å
cos α˜− sin α˜
ô
τ2 −
ñ
γ
Ç
Nr − R˙
R′
å
sin α˜+ cos α˜
ô
τ1
´
dϕ
+ cos θτ3 dϕ . (11)
8 See [99] for a thorough exposition on the subject.
9 We use the anti-hermitian basis τi, where [τi, τj ] = ijkτk and (τi)2 = − 14 I for all i’s and Tr (τiτj) = − 12 δij .
7If one is to use the notation of [61], where the spherically symmetric Ashtekar-Barbero connection and triad are
written as
E = Er(t, r) sin θτ3∂r +
[
E1(t, r)τ1 + E
2(t, r)τ2
]
sin θ∂θ +
[
E1(t, r)τ2 − E2(t, r)τ1
]
∂ϕ , (12)
A = Ar(t, r)τ3dr + [A1(t, r)τ1 +A2(t, r)τ2] dθ + sin θ [A1(t, r)τ2 −A2(t, r)τ1] dϕ+ cos θτ3dϕ , (13)
one has
Er(t, r) = R2 , E1(t, r) = ΛR cos α˜ , E2(t, r) = ΛR sin α˜ , (14)
Ar(t, r) = −γ (Λ
′Nr + ΛNr ′ − Λ˙)
N
, (15)
A1(t, r) =
R′
Λ
ñ
γ
Ç
Nr − R˙
R′
å
cos α˜− sin α˜
ô
, (16)
A2(t, r) =
R′
Λ
ñ
γ
Ç
Nr − R˙
R′
å
sin α˜+ cos α˜
ô
. (17)
The Poisson bracket (7) then takes the form{
Ar(t, r), E
r(t, r′)
}
= 2Gγ δ(r − r′) , (18a){
A1(t, r), E
1(t, r′)
}
= Gγ δ(r − r′) , (18b){
A2(t, r), E
2(t, r′)
}
= Gγ δ(r − r′) . (18c)
III. CONSTRAINTS FOR THE PARTIALLY GAUGE FIXED PHASE SPACE
In this section we derive the classical Hamiltonian, diffeomorphism, and gauge constraints subject to the particular
gauge fixing scheme of [97].
The classical phase space is characterized by the following standard seven constraints
κGi = ∂aE
a
i + 
k
ij A
j
aE
a
k , Gauss constraint (19a)
κHa = F
i
abE
b
i −AiaGi , Diffeomorphism constraint (19b)
κH =
Eai E
b
j√
det(E)
î
ijkF
k
ab − 2(1 + γ2)Ki[aKjb]
ó
, Hamiltonian constraint (19c)
where
F iab = ∂aA
i
b − ∂bAia + ijkAjaAkb (20)
are the curvature components of the Ashtekar-Barbero connection. Notice that when we substitute the triad and the
connection given in Eqs. (10) and (11) in the above constraints, we are merely left with the Gauss constraint in the
3 = r direction, the radial diffeomorphism constraint, and the Hamiltonian constraint.
In [97] we performed the Dirac treatment of this constrained system when the following radial partial gauge fixing
conditions are introduced:
ErI = 0 , I = 1, 2 , (21a)
EA3 = 0 , A = θ, φ . (21b)
These conditions can be seen as additional constraints in the phase space which render the Hamiltonian system to
be of second class. Instead of building the Dirac bracket to impose the second class constraints, in [97] we followed
an alternative strategy that goes under the name of “gauge unfixing” procedure (GU) [100–102]. This procedure,
which also requires the inversion of the Dirac matrix, allows us to use the Poisson bracket given in Eq. (7) for
imposing the remaining three first class constraints. However, while one of these constraints still corresponds to the
original i = 3 component of the Gauss constraint, the other two are given by the reduced phase space part of the
radial diffeomorphism constraint given in Eq. (19b) and the Hamiltonian constraint in Eq. (19c) plus extra terms.
8Explicitly, denoting with a tilde the extended10 representation of these remaining constraints, we have
G˜3[α3] =
RG3[α3] =
1
κ
∫
d3x α3
[
∂rE
r
3 + 3I
JAIBE
B
J
]
, (22)
H˜r[N
r] =
1
κ
RHr[N
r] +
1
κ
∫
d3x (∂AN
r)
ï
IJEAI ∂BE
B
J
Er3
+
δIJEAI E
B
J IB
(Er3)
2
ò
, (23)
H˜E[N ] =
1
κ
∫
d3x
N√
det(E)
[
RHE
− γ
ßIAEAI IBEIB
(Er3)
2
+ IJ
EAI (∂BE
B
J )IA
Er3
+ IJEAI IB∂A
Å
EBJ
Er3
ã
− Er3EAI ∂A
Å
∂BE
IB
Er3
ã™]
, (24)
H˜L[N ] = −2(1 + γ
2)
κ
∫
d3x
NRHL√
det(E)
,
(25)
where α3 is the i = 3 component of the αi smearing function associated with the Gauss constraint ,RHr is the reduced
radial diffeomorphism
RHr =
(
∂rA
I
A
)
EAI −A3r∂rEr3 , (26)
RHE is the reduced Euclidean Hamiltonian
RHE = E
r
3E
A
I 
I
J∂rA
J
A + E
A
I E
B
J A
I
[AA
J
B] + E
r
3E
A
I A
3
rA
I
A , (27)
and RHL is the reduced Lorentzian Hamiltonian
RHL = E
A
I E
B
J K
I
[AK
J
B] + E
r
3E
A
I K
3
rK
I
A . (28)
To shorten the notation, in the expressions above we have defined
DA ≡ EBI ∂AAIB − ∂B
(
AIAE
B
I
)
, (29)
IA ≡
∫ r
0
dr′
[
DA + E
r
3∂AA
3
r
]
r′ . (30)
Notice that the Lorentzian part of the Hamiltonian constraint does not pick up any extra contribution in addition
to the reduced term. This is because, once projected on the gauge surface described by Eq. (21), the Lorentzian term
given in Eq. (19c) does not contain any extrinsic curvature component conjugate to the flux (i.e. triad) components
that we have gauge fixed; therefore, in the gauge unfixing procedure of [97], we do not have to perform any substitution
of extended momenta inside HL.
The Hamiltonian constraint that appears in Eq. (19c) can also be written as
κH =
s
γ2
ñ
ijkE
a
i E
b
jF
k
ab√
det(E)
+
Å
1− γ
2
s
ã»
det(E)R
ô
, (31)
where s = ± is the spacetime metric signature, R is the Ricci scalar given by
R = Rab
ijeai e
b
j = −ijkRkabeai ebj , (32)
with
Rkab = 2∂[aΓ
k
b] + 
k
lmΓ
l
aΓ
m
b . (33)
As we will see in Sec. IV, our aim is to build the QRLG quantum theory where we will access the reduced phase space
using projectors from the full theory. Therefore we are not going to perform the reduced phase space quantization as
10 The connotation “extended” refers to the fact that the new expressions for the constraints are obtained by replacing the connection
components conjugate to the triad components that we have gauge fixed with their extended versions. This results from solving the
second class constraints explicitly. In fact, in [97] it was shown that this corresponds to adding a linear combination of second class
constraints to the original Hr and H so that the new expressions preserve the gauge conditions. Effectively, this gauge unfixing procedure
amounts to having a new set of first class constraints, equivalent to the initial one, but now written as functionals of only the reduced
phase space coordinates.
9attempted in the existing literature. This means that if we had the physical Hilbert space of the full theory, namely
the kernel of the quantum operators corresponding to the constraints given in Eq. (19), we would simply transform
it to the Hilbert space of QRLG. Unfortunately, while the structure of the solutions to the Gauss and the vector
constraints are very well understood in the full theory [36, 103, 104], very little is known about the structure of the
Hamiltonian constraint [105, 106] and its kernel [107, 108]. Our strategy is then to use the projector on the kernel of
the Gauss and the vector constraints and instead quantize the reduced Hamiltonian constraint. In particular our final
aim in this paper is not to find the full set of solutions but just to derive the effective reduced Hamiltonian constraint
when the symmetry reduction is imposed at the level of coherent states. To this end, we will compute in the next
section the reduced Hamiltonian constraint for spherically symmetric geometry.
A. Symmetric subspace of the reduced phase space: Hamiltonian
Using the curvature components of the Ashtekar-Barbero connection that we worked out in Eq. (A7), the spherically
symmetric Euclidean part of the Hamiltonian constraint reduces to
HEsph[N ] =
1
κ
∫
Σ
d3xN(x)
Eai E
b
j√
det(E)
ijkF
k
ab(A)
=
1
κ
∫
Σ
d3x
N(x)»
(Eθ1E
ϕ
2 − Eθ2Eϕ1 )Er3
[
Er3
(
Eθ1F
2
rθ(A)− Eθ2F 1rθ(A) + Eϕ1 F 2rϕ(A)− Eϕ2 F 1rϕ(A)
)
+
(
Eθ1E
ϕ
2 − Eθ2Eϕ1
)
F 3θϕ(A)
]
=
1
κ
∫
Σ
d3x
N(x) sin θ√
((E1)2 + (E2)2)Er
[
2ErAr
(
E1A1 + E
2A2
)
+ 2Er(E1A′2 − E2A′1)
+
(
(E1)2 + (E2)2
)(
(A21 +A
2
2)− 1
)]
. (34)
On the other hand, the reduced Euclidean Hamiltonian given in Eq. (27) yields
RHE[N ] =
1
κ
∫
Σ
d3x
N√
det(E)
î
Er3E
A
I A
3
rA
I
A + E
r
3E
A
I 
I
J∂rA
J
A + E
A
I E
B
J A
I
[AA
J
B]
ó
=
1
κ
∫
Σ
d3x
N(x) sin θ√
((E1)2 + (E2)2)Er
[
2ErAr
(
E1A1 + E
2A2
)
+ 2Er(E1A′2 − E2A′1)
+
(
(E1)2 + (E2)2
) (
A21 +A
2
2
) ]
, (35)
while the correction terms in the extended version of the Euclidean Hamiltonian constraint given in Eq. (24), resulting
from the gauge unfixing procedure, reduce to
− 1
κ
∫
Σ
d3x
N√
det(E)
ßIAEAI IBEIB
(Er3)
2
+ IJ
EAI (∂BE
B
J )IA
Er3
+ IJEAI IB∂A
Å
EBJ
Er3
ã
− Er3EAI ∂A
Å
∂BE
IB
Er3
ã™
=
1
κ
∫
Σ
d3x
N√
det(E)
EAI ∂A∂BE
IB
= − 1
κ
∫
Σ
d3x
N(x) sin θ√
((E1)2 + (E2)2)Er
(
(E1)2 + (E2)2
)
. (36)
We thus see that
HEsph[N ] = H˜
E[N ] , (37)
as expected; namely, the role of the extra terms in the extended Euclidean Hamiltonian is to provide the contribution
given by ∂θA3ϕ inside F 3θϕ in H
E
sph[N ], since this is the only term where a connection component not belonging to the
reduced phase space appears.
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For the spherically symmetric Lorentzian part of the Hamiltonian constraint given in Eq. (28), we have
HL[N ] = −2(1 + γ
2)
κ
∫
Σ
d3x
N(x)√
det(E)
Ä
EAI E
B
J K
I
[AK
J
B] + E
r
3E
A
I K
3
rK
I
A
ä
=
(1 + γ2)
κ
∫
Σ
d3x
N(x) sin θ√
Er
»
(E1)2 + (E2)2K2 , (38)
where
K =
R′
Λ
Ç
Nr − R˙
R′
å
(39)
is the trace of extrinsic curvature of Σt. Let us also write the Lorentzian Hamiltonian constraint in terms of the Ricci
scalar. By means of Eq. (A17), we have
HL[N ] = − 1
κ
Å
1 +
1
γ2
ã∫
Σ
d3xN(x)
»
det(E)R
=
1
κ
Å
1 +
1
γ2
ã∫
Σ
d3x
N(x)
2(Er3)
5/2 sin1/2 θ [(Eϕ1 )
2 + (Eϕ2 )
2]3/2
×
ï
− 2 sin2 θ(Eϕ1 )4
[
(∂θE
r
3)
2 − Er3∂2θEr3
]
− 2 sin θEr3(Eϕ1 )3[∂θEr3∂θEθ2 + Er3∂2θEθ2 ]
− 2Er3Eϕ1
(
Eϕ2
[
(sin θ Eϕ2 ∂θE
r
3 − 4Er3∂θEθ1)∂θEθ2 + sin θ Er3Eϕ2 ∂2θEθ2
]
+ 2(Er3)
2∂rE
ϕ
1 ∂rE
r
3
)
+ (Eϕ1 )
2
(
− 4 sin2 θ(Eϕ2 )2
[
(∂θE
r
3)
2 − Er3∂2θEr3
]
+ 2 sin θEr3E
ϕ
2
[
∂θE
r
3∂θE
θ
1 + E
r
3∂
2
θE
θ
1
]
+ (Er3)
2
[
4(∂θE
θ
1)
2 + (∂rE
r
3)
2
+ 4Er3∂
2
rE
r
3
])
+ Eϕ2
(
− 2 sin2 θ (Eϕ2 )3
[
(∂θE
r
3)
2 − Er3∂2θEr3
]
+ 2 sin θ
× Er3(Eϕ2 )2
[
∂θE
r
3∂θE
θ
1 + E
r
3∂
2
θE
θ
1
]− 4(Er3)3∂rEϕ2 ∂rEr3 + (Er3)2Eϕ2
× [4(∂θEθ2)2 + (∂rEr3)2 + 4Er3∂2rEr3])ò
= − 2
κ
Å
1 +
1
γ2
ã∫
Σ
d3xN(x) sin θ
ï
2R
Λ
Å
R′Λ′
Λ
−R′′
ã
+ Λ
Å
1− (R
′)2
Λ2
ãò
. (40)
The expression in terms of the fluxes that appears in the second equality above is the one that we are going to use
to quantize the Lorentzian Hamiltonian constraint. In fact, given the diagonal action of the reduced flux operators, we
can compute its expectation value in a lengthy but straightforward manner, without having to rely on any recoupling
theory. Despite the fact that we used spherical symmetry to arrive at this expression, such simplifications would
in any case be enforced by the coherent states that we build in the next section. This way we have simplified the
calculation of the expectation value of the Lorentzian Hamiltonian without the need to sacrifice any relevant quantum
corrections (see Appendix A for more details on the symmetry assumptions used to derive the expression above).
IV. QUANTUM REDUCED LOOP GRAVITY KINEMATICAL HILBERT SPACE
In this section we construct step by step a reduced kinematical Hilbert space HR that implements at the quantum
level the radial partial gauge fixing in Eq. (21). We start with the standard LQG kinematical Hilbert space HK
representing quantum holonomy-flux algebra. We then perform a weak imposition for the quantum version of Eq.
(21) that restricts the non-gauge-invariant spin network basis states arriving at HR. Symbolically, PHK = HR, where
P is the projection operator defined below.
The first ingredient of the quantum reduction process consists of a choice of spatial manifold triangulation adapted
to the topology of interest and selecting a subclass of graphs labeling the spin network basis of HR. A natural choice
for a spherically symmetric geometry is to restrict to cuboidal triangulations, where at each vertex we have three
directions, one corresponding to the radial direction and the other two to the angular directions on the 2-spheres
foliating the spatial manifold.
In what follows we present the technical details of our construction.
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A. Reduced spin network states
Given a two-dimensional surface Sa with normal vector
na =
∂xb
∂σ1
∂xc
∂σ2
abc , (41)
where σ1 and σ2 are local coordinates on Sa, we restrict our choice of fluxes to the surfaces whose normal vectors
are aligned with the three tangent directions r, θ, ϕ. We choose two su(2) orthonormal bases labeled by {x, y, z} and
{1, 2, 3} for which the basis elements 3 and z coincide [{1, 2} differ from {x, y} by an SO(2) rotation α]. Consistently
with our classical gauge fixing, we take the direction r to be aligned with the internal direction 3 while the directions
θ and ϕ are aligned with x and y (see Fig. 1). Therefore, our gauge fixing reads
3 = r
1
2
x
y
↵
e = ✓
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FIG. 1: Tangent and internal directions.
E3(S
θ) = 0 = E3(S
ϕ) , (42)
E1(S
r) = 0 = E2(S
r) , (43)
where
Ei(S
a) =
∫
Eai nadσ1dσ2 . (44)
In order to implement the above partial gauge fixing at the quantum level, we select cuboidal graphs Γ’s adapted to
this set of coordinates. This means that the edges `e are aligned with the three directions {r, θ, ϕ} such that ˙`ae ∝ δae .
Along these directions the SU(2) holonomies are
ge = Pe
∫
`e
τiA
i
a
˙`a
e (s)ds. (45)
The set of discretized 2-spheres at a given value of r is equipped with a grid of plaquettes with edges labeled by the
tangential coordinates θ and ϕ. In a graphical representation, this is given by
(r, ✓,') (r, ✓,' + ✏')
(r, ✓ + ✏✓,' + ✏')(r, ✓ + ✏✓,')
(r + ✏r, ✓,')
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(46)
with r, θ, and ϕ being coordinate lengths in the tangential directions. We designate this set as the set of reduced
graphs. Our projection operator P acts on HK = ⊕γHKγ , where γ are arbitrary graphs labeling HK , in two steps:
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first by restricting γ to Γ, where Γ is given by cubulation of at most 6-valent vertices as shown in Eq. (46), and then
projecting HKΓ to its reduced subspace HRΓ . The kinematical Hilbert space HR is then obtained from the direct sum
over all reduced graphs of this form that we construct from the union of Γ, namely
HR = ⊕ΓHRΓ . (47)
HRΓ is defined by assigning to each link in a given tangent direction the following basis elements
xDjxm¯xn¯x(gθ) = 〈m¯x, ~ux|Djx(gθ)|n¯x, ~ux〉 = 〈gθ|x, jx, m˜x, n˜x〉 , (48a)
yD
jy
m¯yn¯y (gϕ) = 〈m¯y, ~uy|Djy (gϕ)|n¯y, ~uy〉 = 〈gϕ|y, jy, m˜y, n˜y〉 , (48b)
Djzm¯zn¯z (gr) = 〈m¯z, jz|Djz (gr)|jz, n¯z〉 = 〈gr|r, jr, m˜z, n˜z〉 , (48c)
where |j,m〉 is an element of the spin basis that diagonalizes both τ iτi and τ3, and m¯x, n¯x = ±jx , m¯y, n¯y = ±jy, and
m¯z, n¯z = ±jz. We denote two orthogonal unit vectors in the arbitrary internal directions I ∈ {x, y} on the (1,2)-plane
by ~uI . Then
|n¯I , ~uI〉 = DjI (~uI)|jI , n¯I〉 =
∑
m
|jI ,m〉DjImn¯I (uI) (49)
is an SU(2) coherent state having maximum or minimum magnetic number along ~uI (Djmn(g) are the standard Wigner
matrices in the spin basis |j,m〉).
The basis elements given in Eqs. (48a) and (48b) can also be written as
IDjIm¯I n¯I (g) = D
jI−1
m¯Im(uI)D
jI
mn(g)D
jI
nn¯I (uI) , (50)
where uI is an SU(2) group element that rotates the 3-axis into ~uI and repeated indices are summed over. Given the
convention shown in Fig. 1, we parametrize the rotation group elements as
ux = R
(
α,
pi
2
, 0
)
= eατ3e
pi
2 τ2 , (51)
uy = R
(
α+
pi
2
,
pi
2
,−pi
2
)
= e(α+
pi
2 )τ3e
pi
2 τ2e−
pi
2 τ3 . (52)
The angle α above that enters the construction of the reduced states and the operators that we construct below is a
priori independent of α˜ that appears in the classical solutions for the connection and the densitized triad of Sec. II
[the relation between the couples of internal directions (1,2) and (x, y) can be chosen independently for the classical
solution and the quantum construction]. In order to implement the residual U(1) gauge invariance, we are going to
integrate over the angle α in the reduced states, while the α˜ appearing in the classical solutions given in Eqs. (12)
and (13) for triad and connection, around which our semiclassical states are peaked, is held fixed.
Notice that unlike the reduced states built for cosmological applications in [86], in Eq. (48) we also include the
off-diagonal terms, i.e. states peaked on maximum-minimum magnetic numbers and not just maximum-maximum
or minimum-minimum. As we will show below, these states are in fact allowed by the radial gauge fixing given in
Eq. (21). They are important in the black hole context since the symmetry reduced Ashtekar-Barbero connection
contains general off-diagonal terms (see Sec. IIIA).
We can now show that on HR the gauge fixing conditions given in Eqs. (42) and (43) are weakly satisfied. Let
us concentrate on 3-cells with surfaces Sa that intersect the respective dual edges ˙`ae only once. Hence Sa are three
orthogonal faces of the cube dual to a 6-valent node of the reduced graph. This provides a regularization of the
reduced fluxes. By means of the Baker-Hausdorff formula, let us first derive the following relations:
uxτ3u
−1
x = τ1 cosα+ τ2 sinα = τx , (53a)
uyτ3u
−1
y = −τ1 sinα+ τ2 cosα = τy , (53b)
u−1x τ3ux = τ1 , (53c)
u−1y τ3uy = −τ2, , (53d)
u−1x τ1ux = τ3 cosα− τ2 sinα , (53e)
u−1y τ1uy = −τ3 sinα+ τ1 cosα , (53f)
u−1x τ2ux = τ3 sinα+ τ2 cosα , (53g)
u−1y τ2uy = τ3 cosα+ τ1 sinα . (53h)
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It is then immediate that
〈j′x, m¯′x, n¯′x, x|Eˆ3(Sθ)|x, jx, m¯x, n¯x〉 = −iκγo(`3, Sθ)
∫
dg xD
j′x
m¯′xn¯′x
(g) xDjxm¯xm(τ3)
xDjxmn¯x(g)
= −iκγo(`3, Sθ) xDjxm¯xm¯x(τ3) = 0 , (54)
and similarly for the other gauge fixing conditions. Notice that this relation is only valid for j 6= 1/2 since in that
case the off-diagonal matrix elements will not be necessarily vanishing. However, this case is not relevant for our
construction because we are only interested in the semiclassical limit of the effective Hamiltonian through coherent
states which provide good approximation to classical geometry only in the limit j  1 (see Sec. VI). Since these
states peak the spin quantum numbers on large values, the spin 1/2 contributions to the semiclassical expectation
values we compute below are largely suppressed and we do not have to worry about them for the purposes of our
analysis.
For the other components of the fluxes which are classically nonvanishing we get the following expectation values:
〈Eˆ3(Sr)〉 = −iκγo(`3, Sr)Djzm¯zm¯z (τ3) = −κγo(`3, Sr)m¯z , (55a)
〈Eˆ1(Sθ)〉 = −iκγo(`x, Sθ) xDjxm¯xm¯x(τ1) = −κγo(`x, Sθ)m¯x cosα , (55b)
〈Eˆ1(Sϕ)〉 = −iκγo(`y, Sϕ) yDjym¯ym¯y (τ1) = κγo(`y, Sϕ)m¯y sinα , (55c)
〈Eˆ2(Sθ)〉 = −iκγo(`x, Sθ) xDjxm¯xm¯x(τ2) = −κγo(`x, Sθ)m¯x sinα , (55d)
〈Eˆ2(Sϕ)〉 = −iκγo(`y, Sϕ) yDjym¯ym¯y (τ2) = −κγo(`y, Sϕ)m¯y cosα , (55e)
where o(`, S) is a sign denoting the orientation between a link and its dual face. All off diagonal matrix elements
vanish for these operators as well as long as j 6= 1/2, which, as just explained, is not relevant for the semiclassical
limit.
B. Quantum Gauss constraint
We proceed by projecting the kernel of the full theory Gauss constraint. As expected, this will be performed by
the operation
P †GˆiP, (56)
where P is the projection operator defined previously. The kernel of Gˆi is given by the well-known gauge-invariant
spin network states obtained by contraction with the SU(2) intertwiners at the nodes of the graphs. Operator P is
then restricting the intertwiners in the way explained in Sec. IVC. The operation P †GˆiP maps the kernel of Gˆi to
the kernel of RGˆ3, representing the classical phase space reduction given in Eq. (22). The states annihilated by RGˆ3
are now α invariant, where α is parameter of rotation around the internal 3-axis that has been aligned to the r-axis
by the projector P .
C. 3-valent vertex state
Let us write the resolution of the identity in terms of coherent states:
Ij =
∑
m
|j,m〉〈m, j| = dj
∫
S2
d~u|m¯, ~u〉〈~u, m¯|
= dj
∑
m,n
∫
S2
d~uDjmm¯(u)D
j
nm¯(u)|j,m〉〈n, j| . (57)
The gauge-invariant version of our states given in Eq. (50) can be obtained from the standard gauge-invariant spin
network states as
ι∗mjI D
jI
mn(g)ι
n
jI = d
2
jI
∫
S2
du1Idu
2
Iι
∗m
jI 〈m, jI |m¯I , ~u1I〉〈~u1I , m¯I |DjI (g)|n¯I , ~u2I〉〈~u2I , n¯I |jI , n〉ιnjI
= d2jI
∑
a,b,c,d
∫
S2
du1Idu
2
Iι
∗m
jI D
jI
am¯I (u
1
I)D
jI
bm¯I
(u1I)〈m, jI |jI , a〉〈b, jI |DjI (g)|jI , c〉〈d, jI |jI , n〉DjIcn¯I (u2I)DjIdn¯I (u2I)ιnjI
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= d2jI
∫
S2
du1Idu
2
Iι
∗m
jI D
jI
mm¯I (u
1
I)D
jI
m¯I n¯I
(
(u1I)
−1g u2I
)
DjInn¯I (u
2
I)ι
n
jI (58)
where ι∗mjI is an intertwiner in the 3 basis. Setting u
1
I = u
2
I = uI amounts to projection on HR. The reduced
holonomies are then obtained by restricting the Haar measure du only to U(1) rotation around the z-axis, namely
RDjImn(g) = d
2
jI
∫ 2pi
0
dαDjImm¯I (uI(α))D
jI
m¯I n¯I
(
(uI(α))
−1g uI(α)
)
DjInn¯I (uI(α)) . (59)
In a graphical notation, this is
RDjImn(g) =
∫ 2pi
0
dα
.
(60)
Here we denoted the projection on the highest or lowest magnetic number as
〈m¯I , jI | =
jI
<latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit>
,
|jI , m¯I〉 =
jI
<latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1CfEQJaW jnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoUQO1v14fXGxXTMBPD9 x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCjisYVd4UHEKFC+fCdEQEoQpGmavvyPg Y+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWjBs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymd C+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/ 6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVWaW8WurqS5rxEOSsd/gW7pb9Q</latexit>
,
(61)
and the Wigner matrices in the |j,m〉 basis for the uI rotations and a generic SU(2) group element g respectively as
DjImn(uI) =
jI
<latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1Cf EQJaWjnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoU QO1v14fXGxXTMBPD9x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCji sYVd4UHEKFC+fCdEQEoQpGmavvyPgY+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWj Bs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymdC+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe 1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVW aW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1Cf EQJaWjnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoU QO1v14fXGxXTMBPD9x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCji sYVd4UHEKFC+fCdEQEoQpGmavvyPgY+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWj Bs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymdC+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe 1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVW aW8WurqS5rxEOSsd/gW7pb9Q</latexit><latexit sha1_base64="D1NgaEO5hKLCOrLXzUNnv0qKjz0=">AAAFj3icfVRbb9MwFPbGCqPctvHIi0U1Cf EQJaWjnVRVg6GJPezCurJpbTU5jtuGJk6w3Y3Kyk/gFX4b/4aTNFmbrHAkp8ffdy6fTxPboedKZZp/VlYfrJUePlp/XH7y9NnzFxubW19lMBGUdWjgBeLSJpJ5Lmcd5SqPXYaCEd/22IU93o/5ixsmpBvwczUNWd8nQ+4OXEoU QO1v14fXGxXTMBPD9x0rdSootdPrzbXbnhPQic+4oh6RsmuZoeprIpRLPRaVexPJQkLHZMi64HLiM9nXidYIbwPi4EEgYHGFE3QxQxNfyqlvQ6RP1EgWuRhcynlEsR+Qmeuvj3gbigVeQZUaNPra5eFEMU5nogYTD6sAx0PCji sYVd4UHEKFC+fCdEQEoQpGmavvyPgY+Z6xNiEHMipvLzV87FKGjyAKH8QzwMvDEiv3PjEYsmBx5AHxXW+qO5FOyusIZ7YNlYRPPNwGuaHCC5Yv0R6RkM0r+JHmkW7utHC838HN961mfbapL5bAuNloNXdbTcuMl7G7Az9VWDWj Bs+6UQW6ahp12FVrRqMxq2GZmci5ivjcH7xwRGymdC+eVSwkrwgvMyjB2S0NfJ9wBzIhumv1sxJYV6xoeeJiif+M+h/zX+y5H83a2bbej6I8dzznjovc2Zw7K3JXc+6qyN0QIGXyl6ZPNU2+MIcNeudC9+CVV/pcRCmkMkjdQe 1OCrU7d9BJBp1kkJykcxRkrOXkDg4W4aAozyaxPh6E8NbbcOuMu+/6PZsNXa7Zd06EINO3xRyW5DBwcyFxN+HMuglfOxkWEg0LbhYCnzBcVVbxYrrvdKrGrmF+qVX2PqZ31jp6hV6jN8hCdbSHPqNT1EEUDdFP9Av9Lm2VGqVW aW8WurqS5rxEOSsd/gW7pb9Q</latexit>
uI
<latexit sha1_base64="8m+ihslDXtYPwfy6YysuVk+uDRY=">AAAFj3icfVRbb9MwFP bGCqPctvHIi0U1CfEQJV1HO6mqBkMTe9iFdWXT2mpyHLeNmjjBdjYqKz+BV/ht/BtO0nRtssKRnB5/37l8Pk1sh54rlWn+WVl9tFZ6/GT9afnZ8xcvX21sbn2TQSQo69DAC8SVTSTz XM46ylUeuwoFI77tsUt7fJDwl7dMSDfgF2oSsr5PhtwduJQogNrRzdHNRsU0zNTwQ8fKnArK7Oxmc+2u5wQ08hlX1CNSdi0zVH1NhHKpx+JyL5IsJHRMhqwLLic+k32dao3xNiAOHg QCFlc4RRczNPGlnPg2RPpEjWSRS8ClnEcU+wGZuf76mLehWOAVVKlBo69dHkaKcToVNYg8rAKcDAk7rmBUeRNwCBUunAvTERGEKhhlrr4jk2PkeybahBzIuLy91PCJSxk+hih8mMwAL w9Lrdz7zGDIgiWRh8R3vYnuxDotr2M8s22oJHzi4TbIDRVesHyJ9oiEbF7BjzWPdXO3hZP9Lm5+aDXr0019sQTGzUaruddqWmayjL1d+KnCqhk1eNaNKtBV06jDrlozGo1pDcuciZy rSM790QtHxGZK95JZJULyivAygxKc3dHA9wl3IBOiu1Z/VgLrihUvT1ws8Z9R/2P+iz0P4mk729YHcZznTubcSZE7n3PnRe56zl0XuVsCpEz/0uypJukX5rBB70LoHrzySl+IOIPUD FL3ULuTQe3OPXQ6g05nkIyyOQoy1jK6h4NFOCjKs0mijwchvPU23Drj7k6/Z7OhyzX7zokQZPK+mMPSHAZuLiTpJpxpN+FrZ4aFRMOCm4XAJwxXlVW8mB46naqxZ5hfa5X9T9mdtY7e oLfoHbJQHe2jL+gMdRBFQ/QT/UK/S1ulRqlV2p+Grq5kOa9RzkpHfwH0fr9b</latexit><latexit sha1_base64="8m+ihslDXtYPwfy6YysuVk+uDRY=">AAAFj3icfVRbb9MwFP bGCqPctvHIi0U1CfEQJV1HO6mqBkMTe9iFdWXT2mpyHLeNmjjBdjYqKz+BV/ht/BtO0nRtssKRnB5/37l8Pk1sh54rlWn+WVl9tFZ6/GT9afnZ8xcvX21sbn2TQSQo69DAC8SVTSTz XM46ylUeuwoFI77tsUt7fJDwl7dMSDfgF2oSsr5PhtwduJQogNrRzdHNRsU0zNTwQ8fKnArK7Oxmc+2u5wQ08hlX1CNSdi0zVH1NhHKpx+JyL5IsJHRMhqwLLic+k32dao3xNiAOHg QCFlc4RRczNPGlnPg2RPpEjWSRS8ClnEcU+wGZuf76mLehWOAVVKlBo69dHkaKcToVNYg8rAKcDAk7rmBUeRNwCBUunAvTERGEKhhlrr4jk2PkeybahBzIuLy91PCJSxk+hih8mMwAL w9Lrdz7zGDIgiWRh8R3vYnuxDotr2M8s22oJHzi4TbIDRVesHyJ9oiEbF7BjzWPdXO3hZP9Lm5+aDXr0019sQTGzUaruddqWmayjL1d+KnCqhk1eNaNKtBV06jDrlozGo1pDcuciZy rSM790QtHxGZK95JZJULyivAygxKc3dHA9wl3IBOiu1Z/VgLrihUvT1ws8Z9R/2P+iz0P4mk729YHcZznTubcSZE7n3PnRe56zl0XuVsCpEz/0uypJukX5rBB70LoHrzySl+IOIPUD FL3ULuTQe3OPXQ6g05nkIyyOQoy1jK6h4NFOCjKs0mijwchvPU23Drj7k6/Z7OhyzX7zokQZPK+mMPSHAZuLiTpJpxpN+FrZ4aFRMOCm4XAJwxXlVW8mB46naqxZ5hfa5X9T9mdtY7e oLfoHbJQHe2jL+gMdRBFQ/QT/UK/S1ulRqlV2p+Grq5kOa9RzkpHfwH0fr9b</latexit><latexit sha1_base64="8m+ihslDXtYPwfy6YysuVk+uDRY=">AAAFj3icfVRbb9MwFP bGCqPctvHIi0U1CfEQJV1HO6mqBkMTe9iFdWXT2mpyHLeNmjjBdjYqKz+BV/ht/BtO0nRtssKRnB5/37l8Pk1sh54rlWn+WVl9tFZ6/GT9afnZ8xcvX21sbn2TQSQo69DAC8SVTSTz XM46ylUeuwoFI77tsUt7fJDwl7dMSDfgF2oSsr5PhtwduJQogNrRzdHNRsU0zNTwQ8fKnArK7Oxmc+2u5wQ08hlX1CNSdi0zVH1NhHKpx+JyL5IsJHRMhqwLLic+k32dao3xNiAOHg QCFlc4RRczNPGlnPg2RPpEjWSRS8ClnEcU+wGZuf76mLehWOAVVKlBo69dHkaKcToVNYg8rAKcDAk7rmBUeRNwCBUunAvTERGEKhhlrr4jk2PkeybahBzIuLy91PCJSxk+hih8mMwAL w9Lrdz7zGDIgiWRh8R3vYnuxDotr2M8s22oJHzi4TbIDRVesHyJ9oiEbF7BjzWPdXO3hZP9Lm5+aDXr0019sQTGzUaruddqWmayjL1d+KnCqhk1eNaNKtBV06jDrlozGo1pDcuciZy rSM790QtHxGZK95JZJULyivAygxKc3dHA9wl3IBOiu1Z/VgLrihUvT1ws8Z9R/2P+iz0P4mk729YHcZznTubcSZE7n3PnRe56zl0XuVsCpEz/0uypJukX5rBB70LoHrzySl+IOIPUD FL3ULuTQe3OPXQ6g05nkIyyOQoy1jK6h4NFOCjKs0mijwchvPU23Drj7k6/Z7OhyzX7zokQZPK+mMPSHAZuLiTpJpxpN+FrZ4aFRMOCm4XAJwxXlVW8mB46naqxZ5hfa5X9T9mdtY7e oLfoHbJQHe2jL+gMdRBFQ/QT/UK/S1ulRqlV2p+Grq5kOa9RzkpHfwH0fr9b</latexit>
,
Djmn(g) = g
j
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.
Using this notation, we can represent a reduced 3-valent vertex state as
|vR3 (j)〉 =
∫ 2pi
0
dα
jy
jz
jx
u 1x
g✓
gr
ux
ux
u 1y
uy
g'
uy
u 1yu
 1
x
jz
jx jy
,
(62)
where the 3-valent node represents the standard 3− j symbol and its contraction with SU(2) coherent states defines
the reduced intertwiners.
D. Geometric operators
On HR that we constructed above, we can now define the action of geometric operators such as the area and the
volume operators by importing the regularization techniques of the full theory [109–111]. These geometric operators
are constructed out of the reduced flux operators defined as follows. Let us introduce the projectors
Pˆ z =
∑
m¯z=±jz
|jz, m¯z〉〈m¯z, jz| , (63)
15
Pˆ I =
∑
m¯I=±jI
|~uI , m¯I〉〈m¯I , ~uI | , (64)
where we recall I ∈ {x, y}. The reduced flux operators are then
REˆi(S
r) = Pˆ zEˆi(S
r)Pˆ z , (65)
REˆi(S
θ) = Pˆ xEˆi(S
θ)Pˆ x , (66)
REˆi(S
ϕ) = Pˆ yEˆi(S
ϕ)Pˆ y . (67)
In a similar fashion as one can prove the validity of the partial gauge fixing condition given in Eq. (54) (as well as all
the others), it is immediate to see that the reduced flux operators defined above are diagonal on the reduced quantum
states constructed in the previous part of this section. Nonvanishing eigenvalues correspond only to those components
associated to the remaining reduced phase space densitized triad variables as written in Eq. (12), and they are given
by the relations that appear in Eq. (55). This is a key result of our construction, which will allow us to compute the
expectation value of the Hamiltonian constraint in a relatively straightforward manner. But let us first exploit this
property of the reduced fluxes to compute the spectrum of the main geometrical operators in LQG.
We can concentrate on a 3-valent node with three links departing along the three directions {r, θ, ϕ} that appears
in Eq. (62). If we consider three surfaces Sa that intersect the dual links `a once, we can construct the associated
area operators in terms of the reduced fluxes given in Eqs. (65), (66), and (67). The action of these reduced area
operators on the reduced states associated with the dual links that they intersect is
RAˆ(Sθ)RDjxmn(gθ) =
»
REˆi(Sθ)REˆi(Sθ)
RDjxmn(gθ) = κγjx
RDjxmn(gθ) , (68)
RAˆ(Sϕ)RDjymn(gϕ) =
»
REˆi(Sϕ)REˆi(Sϕ)
RDjymn(gϕ) = κγjy
RDjymn(gϕ) , (69)
RAˆ(Sr)RDjzmn(gr) =
»
REˆi(Sr)REˆi(Sr)
RDjzmn(gr) = κγjz
RDjzmn(gr) . (70)
Next, we can consider the volume of the region containing only the 3-valent node v. The associated reduced volume
operator regularized on the cube dual to v acts diagonally on the reduced 3-valent vertex state given in Eq. (62) as
RVˆ (v)|vR3 (j)〉 =
 ∣∣∣∣ 13!abcijkREˆi(Sa)REˆj(Sb)REˆj(Sc)∣∣∣∣|vR3 (j)〉
=
…∣∣∣ÄREˆ1(Sθ)REˆ2(Sϕ)− REˆ2(Sθ)REˆ1(Sϕ)ä REˆ3(Sr)∣∣∣|vR3 (j)〉
= (κγ)
3
2
»
|jxjyjz||vR3 (j)〉 . (71)
This diagonal action of the volume operator on the reduced 3-valent vertex state represents a key characteristic of
this construction which enables us to considerably simplify the calculation of the Hamiltonian constraint action.
E. Recoupling theory
In order to study the action of holonomy operators in HR, we need to define the recoupling theory for our states.
To this end, for a product of states along the same direction we introduce the following “reduced” recoupling rule:
=
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n¯1
<latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit><latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit><latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit>
n¯2
<latexit sha1_base64="rGDledTP5DACvpxokDeQu8kncmM=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZ d1Y13ZRFNNTuKuUR0n2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ2K+VKb5Z239zkbp7r3N++UHDx89frK1/fSrDCfCpT03ZKE4d4ikzOe0p3zF6HkkKAkcRs+ccTvhz66okH7IT9U0ooOAXHJ/6LtEAXRuO0RgflG92KqYhpkavu1YmVNBmR1fbG9c217oTgLKlcuIl H3LjNRAE6F8l9G4bE8kjYg7Jpe0Dy4nAZUDnQqO8Q4gHh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlRwjiv6AzFx/fci7UCxkBVVq2Bhon0cTRbk7EzWcMKxCnEwKe76grmJTcIgrfDgXdkdEEFfBPHP1PZkcI98z0SbkUMblnZWGO75L8SFE4YNkBnh1WGpl+yOFIQuaRB6 QwGdT3Yt1Wl7HeG47UEkEhOEuyI0UXrJ8ie6IRHRRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/Z5FI+JQpe1kVomQvCK8yqAEp9duGASEe5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXG fBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wjw6tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB166XNNv3MiBJm+LubQNIeCmwtJuglv1k0E2ptjEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsV Ef76DM6Rj3kIoZ+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B6DTBIA==</latexit><latexit sha1_base64="rGDledTP5DACvpxokDeQu8kncmM=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZ d1Y13ZRFNNTuKuUR0n2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ2K+VKb5Z239zkbp7r3N++UHDx89frK1/fSrDCfCpT03ZKE4d4ikzOe0p3zF6HkkKAkcRs+ccTvhz66okH7IT9U0ooOAXHJ/6LtEAXRuO0RgflG92KqYhpkavu1YmVNBmR1fbG9c217oTgLKlcuIl H3LjNRAE6F8l9G4bE8kjYg7Jpe0Dy4nAZUDnQqO8Q4gHh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlRwjiv6AzFx/fci7UCxkBVVq2Bhon0cTRbk7EzWcMKxCnEwKe76grmJTcIgrfDgXdkdEEFfBPHP1PZkcI98z0SbkUMblnZWGO75L8SFE4YNkBnh1WGpl+yOFIQuaRB6 QwGdT3Yt1Wl7HeG47UEkEhOEuyI0UXrJ8ie6IRHRRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/Z5FI+JQpe1kVomQvCK8yqAEp9duGASEe5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXG fBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wjw6tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB166XNNv3MiBJm+LubQNIeCmwtJuglv1k0E2ptjEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsV Ef76DM6Rj3kIoZ+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B6DTBIA==</latexit><latexit sha1_base64="rGDledTP5DACvpxokDeQu8kncmM=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZ d1Y13ZRFNNTuKuUR0n2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ2K+VKb5Z239zkbp7r3N++UHDx89frK1/fSrDCfCpT03ZKE4d4ikzOe0p3zF6HkkKAkcRs+ccTvhz66okH7IT9U0ooOAXHJ/6LtEAXRuO0RgflG92KqYhpkavu1YmVNBmR1fbG9c217oTgLKlcuIl H3LjNRAE6F8l9G4bE8kjYg7Jpe0Dy4nAZUDnQqO8Q4gHh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlRwjiv6AzFx/fci7UCxkBVVq2Bhon0cTRbk7EzWcMKxCnEwKe76grmJTcIgrfDgXdkdEEFfBPHP1PZkcI98z0SbkUMblnZWGO75L8SFE4YNkBnh1WGpl+yOFIQuaRB6 QwGdT3Yt1Wl7HeG47UEkEhOEuyI0UXrJ8ie6IRHRRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/Z5FI+JQpe1kVomQvCK8yqAEp9duGASEe5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXG fBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wjw6tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB166XNNv3MiBJm+LubQNIeCmwtJuglv1k0E2ptjEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsV Ef76DM6Rj3kIoZ+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B6DTBIA==</latexit>
m¯2
<latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">A AAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6sa5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3 FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSK wf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVAe5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59 ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s 9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDlYRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuN loNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1Yn LJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ 5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML 7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B4wnBHw==</latexit><latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">A AAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6sa5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3 FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSK wf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVAe5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59 ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s 9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDlYRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuN loNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1Yn LJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ 5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML 7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B4wnBHw==</latexit><latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">A AAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6sa5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3 FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSK wf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVAe5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59 ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s 9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDlYRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuN loNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1Yn LJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ 5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML 7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B4wnBHw==</latexit>
m¯1
<latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4="> AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W 1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SB dC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuWGamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWX MzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke +ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uv m0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5A J0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gb q9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8 AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1EkY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latex it><latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4="> AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W 1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SB dC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuWGamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWX MzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke +ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uv m0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5A J0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gb q9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8 AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1EkY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latex it><latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4="> AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W 1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SB dC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuWGamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWX MzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke +ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uv m0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5A J0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gb q9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8 AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1EkY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latex it>
￿m¯1 + m¯2￿
<latexit sha1_base64="mywCrzPeV5CEXHTNjAYq+K3EjC4=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhLQP1pVNa6rK cdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhE46FlvM6dy01svm4aZGr7rWJlTRpkd9zZWrm03pKOAcUV9ImXHMiPV1UQoj/osXrNHkkW EDskl64DLScBkV6fqY7wFiIv7oYDFFU7R+QxNAinHgQORAVEDWeQScCHnE8V+QGauvz7gLSgW+gVVql/vao9HI8U4nYjqj3ysQpyMDbueYFT5Y3AIFR6cC9MBEYQqGG6uviuTY+R7JtqE7Mt4bWuh4UOPMnwAUXg/mQFeHJbamv2JwZAFSyL3SeD5Y92OdVpex3hqW1BJBMTHLZAbKTxn+RKtAYnYrE IQax7rxnYTJ/tt3HjfbNQmm9p8CYwb9WZjp9mwzGQZO9vwU4FVNarwrBkVoCumUYNdpWrU65MaljkVOVORnPuDHw2Iw5S2k1klQvKK8CKDEpxd0zAICHchE6I7VndaAuuyFS9OnC/xn1H/Y/7zPffiSTvH0XtxnOcOZ9xhkTuZcSdF7mLGXRS5KwKkTP/S7KnG6Rfmsr59KrQNr7zSpyLOIDWF1C3Ua mdQq30LHU2hoykkR9kcBRlqObqFw3k4LMpzSKKPhxG89Q7cQ8POu67tsEuPa/adEyHI+E0xh6U5DNxcSNJNuJNuItDuFIuIhgU3C4FPGK4qq3gx3XXaFWPHML9Wy7sfsztrFb1AL9FrZKEa2kWf0TFqI4rG6Cf6hX6XXpW+lI5LJ5PQ5aUsZxPlrNT5C2++xY8=</latexit><latexit sha1_base64="mywCrzPeV5CEXHTNjAYq+K3EjC4=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhLQP1pVNa6rK cdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhE46FlvM6dy01svm4aZGr7rWJlTRpkd9zZWrm03pKOAcUV9ImXHMiPV1UQoj/osXrNHkkW EDskl64DLScBkV6fqY7wFiIv7oYDFFU7R+QxNAinHgQORAVEDWeQScCHnE8V+QGauvz7gLSgW+gVVql/vao9HI8U4nYjqj3ysQpyMDbueYFT5Y3AIFR6cC9MBEYQqGG6uviuTY+R7JtqE7Mt4bWuh4UOPMnwAUXg/mQFeHJbamv2JwZAFSyL3SeD5Y92OdVpex3hqW1BJBMTHLZAbKTxn+RKtAYnYrE IQax7rxnYTJ/tt3HjfbNQmm9p8CYwb9WZjp9mwzGQZO9vwU4FVNarwrBkVoCumUYNdpWrU65MaljkVOVORnPuDHw2Iw5S2k1klQvKK8CKDEpxd0zAICHchE6I7VndaAuuyFS9OnC/xn1H/Y/7zPffiSTvH0XtxnOcOZ9xhkTuZcSdF7mLGXRS5KwKkTP/S7KnG6Rfmsr59KrQNr7zSpyLOIDWF1C3Ua mdQq30LHU2hoykkR9kcBRlqObqFw3k4LMpzSKKPhxG89Q7cQ8POu67tsEuPa/adEyHI+E0xh6U5DNxcSNJNuJNuItDuFIuIhgU3C4FPGK4qq3gx3XXaFWPHML9Wy7sfsztrFb1AL9FrZKEa2kWf0TFqI4rG6Cf6hX6XXpW+lI5LJ5PQ5aUsZxPlrNT5C2++xY8=</latexit><latexit sha1_base64="mywCrzPeV5CEXHTNjAYq+K3EjC4=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhLQP1pVNa6rK cdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhE46FlvM6dy01svm4aZGr7rWJlTRpkd9zZWrm03pKOAcUV9ImXHMiPV1UQoj/osXrNHkkW EDskl64DLScBkV6fqY7wFiIv7oYDFFU7R+QxNAinHgQORAVEDWeQScCHnE8V+QGauvz7gLSgW+gVVql/vao9HI8U4nYjqj3ysQpyMDbueYFT5Y3AIFR6cC9MBEYQqGG6uviuTY+R7JtqE7Mt4bWuh4UOPMnwAUXg/mQFeHJbamv2JwZAFSyL3SeD5Y92OdVpex3hqW1BJBMTHLZAbKTxn+RKtAYnYrE IQax7rxnYTJ/tt3HjfbNQmm9p8CYwb9WZjp9mwzGQZO9vwU4FVNarwrBkVoCumUYNdpWrU65MaljkVOVORnPuDHw2Iw5S2k1klQvKK8CKDEpxd0zAICHchE6I7VndaAuuyFS9OnC/xn1H/Y/7zPffiSTvH0XtxnOcOZ9xhkTuZcSdF7mLGXRS5KwKkTP/S7KnG6Rfmsr59KrQNr7zSpyLOIDWF1C3Ua mdQq30LHU2hoykkR9kcBRlqObqFw3k4LMpzSKKPhxG89Q7cQ8POu67tsEuPa/adEyHI+E0xh6U5DNxcSNJNuJNuItDuFIuIhgU3C4FPGK4qq3gx3XXaFWPHML9Wy7sfsztrFb1AL9FrZKEa2kWf0TFqI4rG6Cf6hX6XXpW+lI5LJ5PQ5aUsZxPlrNT5C2++xY8=</latexit>
￿n¯1 + n¯2￿
<latexit sha1_base64="Lcl1883N6V8M7uknKf52yxKQTr8=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhL QP1pVNa6rKcdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhGY96y3mVO56a2XTcNMDd91rMwpo8yOexsr17Yb0l HAuKI+kbJjmZHqaiKUR30Wr9kjySJCh+SSdcDlJGCyq1P1Md4CxMX9UMDiCqfofIYmgZTjwIHIgKiBLHIJuJDziWI/IDPXXx/wFhQL/YIq1a93tcejkWKcTkT1Rz5WIU7Ghl1PMKr8MTiECg/OhemACEIVDDdX35XJMfI9E21C9mW8trXQ8KFHGT6AKLyfzAAvDkttzf7EY MiCJZH7JPD8sW7HOi2vYzy1LagkAuLjFsiNFJ6zfInWgERsViGINY91Y7uJk/02brxvNmqTTW2+BMaNerOx02xYZrKMnW34qcCqGlV41owK0BXTqMGuUjXq9UkNy5yKnKlIzv3BjwbEYUrbyawSIXlFeJFBCc6uaRgEhLuQCdEdqzstgXXZihcnzpf4z6j/Mf/5nnvxpJ3j6 L04znOHM+6wyJ3MuJMidzHjLorcFQFSpn9p9lTj9AtzWd8+FdqGV17pUxFnkJpC6hZqtTOo1b6FjqbQ0RSSo2yOggy1HN3C4TwcFuU5JNHHwwjeegfuoWHnXdd22KXHNfvOiRBk/KaYw9IcBm4uJOkm3Ek3EWh3ikVEw4KbhcAnDFeVVbyY7jrtirFjmF+r5d2P2Z21il6gl +g1slAN7aLP6Bi1EUVj9BP9Qr9Lr0pfSselk0no8lKWs4lyVur8BXofxZE=</latexit><latexit sha1_base64="Lcl1883N6V8M7uknKf52yxKQTr8=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhL QP1pVNa6rKcdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhGY96y3mVO56a2XTcNMDd91rMwpo8yOexsr17Yb0l HAuKI+kbJjmZHqaiKUR30Wr9kjySJCh+SSdcDlJGCyq1P1Md4CxMX9UMDiCqfofIYmgZTjwIHIgKiBLHIJuJDziWI/IDPXXx/wFhQL/YIq1a93tcejkWKcTkT1Rz5WIU7Ghl1PMKr8MTiECg/OhemACEIVDDdX35XJMfI9E21C9mW8trXQ8KFHGT6AKLyfzAAvDkttzf7EY MiCJZH7JPD8sW7HOi2vYzy1LagkAuLjFsiNFJ6zfInWgERsViGINY91Y7uJk/02brxvNmqTTW2+BMaNerOx02xYZrKMnW34qcCqGlV41owK0BXTqMGuUjXq9UkNy5yKnKlIzv3BjwbEYUrbyawSIXlFeJFBCc6uaRgEhLuQCdEdqzstgXXZihcnzpf4z6j/Mf/5nnvxpJ3j6 L04znOHM+6wyJ3MuJMidzHjLorcFQFSpn9p9lTj9AtzWd8+FdqGV17pUxFnkJpC6hZqtTOo1b6FjqbQ0RSSo2yOggy1HN3C4TwcFuU5JNHHwwjeegfuoWHnXdd22KXHNfvOiRBk/KaYw9IcBm4uJOkm3Ek3EWh3ikVEw4KbhcAnDFeVVbyY7jrtirFjmF+r5d2P2Z21il6gl +g1slAN7aLP6Bi1EUVj9BP9Qr9Lr0pfSselk0no8lKWs4lyVur8BXofxZE=</latexit><latexit sha1_base64="Lcl1883N6V8M7uknKf52yxKQTr8=">AAAFoXicfVTtbtMwFPXGCmN8bewnfyzKJARSlJSOdlJVDYYmhL QP1pVNa6rKcdw1auIE292ovDwLf+GReBtu0nRtssKVnF6fcz+ObxM7ke9JZZp/lpbvrZTuP1h9uPbo8ZOnz9Y3nn+T4UhQ1qahH4pzh0jme5y1lad8dh4JRgLHZ2fOcC/hz66YkF7IT9U4Yt2AXHKv71GiAOqtb97YDhGY96y3mVO56a2XTcNMDd91rMwpo8yOexsr17Yb0l HAuKI+kbJjmZHqaiKUR30Wr9kjySJCh+SSdcDlJGCyq1P1Md4CxMX9UMDiCqfofIYmgZTjwIHIgKiBLHIJuJDziWI/IDPXXx/wFhQL/YIq1a93tcejkWKcTkT1Rz5WIU7Ghl1PMKr8MTiECg/OhemACEIVDDdX35XJMfI9E21C9mW8trXQ8KFHGT6AKLyfzAAvDkttzf7EY MiCJZH7JPD8sW7HOi2vYzy1LagkAuLjFsiNFJ6zfInWgERsViGINY91Y7uJk/02brxvNmqTTW2+BMaNerOx02xYZrKMnW34qcCqGlV41owK0BXTqMGuUjXq9UkNy5yKnKlIzv3BjwbEYUrbyawSIXlFeJFBCc6uaRgEhLuQCdEdqzstgXXZihcnzpf4z6j/Mf/5nnvxpJ3j6 L04znOHM+6wyJ3MuJMidzHjLorcFQFSpn9p9lTj9AtzWd8+FdqGV17pUxFnkJpC6hZqtTOo1b6FjqbQ0RSSo2yOggy1HN3C4TwcFuU5JNHHwwjeegfuoWHnXdd22KXHNfvOiRBk/KaYw9IcBm4uJOkm3Ek3EWh3ikVEw4KbhcAnDFeVVbyY7jrtirFjmF+r5d2P2Z21il6gl +g1slAN7aLP6Bi1EUVj9BP9Qr9Lr0pfSselk0no8lKWs4lyVur8BXofxZE=</latexit>
n¯1 + n¯2
<latexit sha1_base64="77CLpLMUp4qigXmmqLyCOlwk2jo=">AAAFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeK EwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBOZ9613mVPsbFdMwU8P3HStzKiizk/7m2q3thnQc MK6oT6S8ssxI9TQRyqM+i8v2WLKI0BG5ZlfgchIw2dOp9hhvA+LiQShgcYVTdDFDk0DKSeBAZEDUUBa5BFzK+USxH5CZ66+PeAeKhX5BlRo0etrj0VgxTqeiBmMfqxAnQ8OuJxhV/gQcQoUH58J0SAShCkabq+/K5Bj5nok2IQcyLm8vNdz2KMNHEIUPkhng5WGple3PDIY sWBJ5QALPn+hurNPyOsYz24ZKIiA+7oDcSOEFy5foDEnE5hWCWPNYN3daONnv4OaHVrM+3dQXS2DcbLSau62mZSbL2N2BnyqsmlGDZ92oAl01jTrsqjWj0ZjWsMyZyLmK5Nwf/WhIHKa0ncwqEZJXhJcZlODsloZBQLgLmRB9ZfVmJbCuWPHyxMUS/xn1P+a/2HM/nrZzH L0fx3muPefaRe50zp0Wucs5d1nkbgiQMv1Ls6eapF+Yywb2mdA2vPJKn4k4g9QMUndQp5tBne4ddDyDjmeQHGdzFGSk5fgODhfhsCjPIYk+Hkbw1jtwC42u3vdsh117XLPvnAhBJm+LOSzNYeDmQpJuwp12E4F2Z1hENCy4WQh8wnBVWcWL6b7TrRq7hvmlVtn7lN1Z6+g1 2kJvkIXqaA8dohPURRTdop/oF/pd2iodltqlk2no6kqW8wrlrPTtLxpIxIU=</latexit><latexit sha1_base64="77CLpLMUp4qigXmmqLyCOlwk2jo=">AAAFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeK EwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBOZ9613mVPsbFdMwU8P3HStzKiizk/7m2q3thnQc MK6oT6S8ssxI9TQRyqM+i8v2WLKI0BG5ZlfgchIw2dOp9hhvA+LiQShgcYVTdDFDk0DKSeBAZEDUUBa5BFzK+USxH5CZ66+PeAeKhX5BlRo0etrj0VgxTqeiBmMfqxAnQ8OuJxhV/gQcQoUH58J0SAShCkabq+/K5Bj5nok2IQcyLm8vNdz2KMNHEIUPkhng5WGple3PDIY sWBJ5QALPn+hurNPyOsYz24ZKIiA+7oDcSOEFy5foDEnE5hWCWPNYN3daONnv4OaHVrM+3dQXS2DcbLSau62mZSbL2N2BnyqsmlGDZ92oAl01jTrsqjWj0ZjWsMyZyLmK5Nwf/WhIHKa0ncwqEZJXhJcZlODsloZBQLgLmRB9ZfVmJbCuWPHyxMUS/xn1P+a/2HM/nrZzH L0fx3muPefaRe50zp0Wucs5d1nkbgiQMv1Ls6eapF+Yywb2mdA2vPJKn4k4g9QMUndQp5tBne4ddDyDjmeQHGdzFGSk5fgODhfhsCjPIYk+Hkbw1jtwC42u3vdsh117XLPvnAhBJm+LOSzNYeDmQpJuwp12E4F2Z1hENCy4WQh8wnBVWcWL6b7TrRq7hvmlVtn7lN1Z6+g1 2kJvkIXqaA8dohPURRTdop/oF/pd2iodltqlk2no6kqW8wrlrPTtLxpIxIU=</latexit><latexit sha1_base64="77CLpLMUp4qigXmmqLyCOlwk2jo=">AAAFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeK EwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBOZ9613mVPsbFdMwU8P3HStzKiizk/7m2q3thnQc MK6oT6S8ssxI9TQRyqM+i8v2WLKI0BG5ZlfgchIw2dOp9hhvA+LiQShgcYVTdDFDk0DKSeBAZEDUUBa5BFzK+USxH5CZ66+PeAeKhX5BlRo0etrj0VgxTqeiBmMfqxAnQ8OuJxhV/gQcQoUH58J0SAShCkabq+/K5Bj5nok2IQcyLm8vNdz2KMNHEIUPkhng5WGple3PDIY sWBJ5QALPn+hurNPyOsYz24ZKIiA+7oDcSOEFy5foDEnE5hWCWPNYN3daONnv4OaHVrM+3dQXS2DcbLSau62mZSbL2N2BnyqsmlGDZ92oAl01jTrsqjWj0ZjWsMyZyLmK5Nwf/WhIHKa0ncwqEZJXhJcZlODsloZBQLgLmRB9ZfVmJbCuWPHyxMUS/xn1P+a/2HM/nrZzH L0fx3muPefaRe50zp0Wucs5d1nkbgiQMv1Ls6eapF+Yywb2mdA2vPJKn4k4g9QMUndQp5tBne4ddDyDjmeQHGdzFGSk5fgODhfhsCjPIYk+Hkbw1jtwC42u3vdsh117XLPvnAhBJm+LOSzNYeDmQpJuwp12E4F2Z1hENCy4WQh8wnBVWcWL6b7TrRq7hvmlVtn7lN1Z6+g1 2kJvkIXqaA8dohPURRTdop/oF/pd2iodltqlk2no6kqW8wrlrPTtLxpIxIU=</latexit>
m¯1 + m¯2
<latexit sha1_base64="1jLHU0m2Nv0Lb9MwHXKBWW8BOQw=">AA AFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeKEwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs 0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBA761 rvMqfY3KqZhpobvO1bmVFBmJ/3NtVvbDek4YFxRn0h5ZZmR6mkilEd9FpftsWQRoSNyza7A5SRgsqdT7THeBsTFg1DA4gqn6GKGJoGUk8CBy ICooSxyCbiU84liPyAz118f8Q4UC/2CKjVo9LTHo7FinE5FDcY+ViFOhoZdTzCq/Ak4hAoPzoXpkAhCFYw2V9+VyTHyPRNtQg5kXN5earjt UYaPIAofJDPAy8NSK9ufGQxZsCTygASeP9HdWKfldYxntg2VREB83AG5kcILli/RGZKIzSsEseaxbu60cLLfwc0PrWZ9uqkvlsC42Wg1d1tN y0yWsbsDP1VYNaMGz7pRBbpqGnXYVWtGozGtYZkzkXMVybk/+tGQOExpO5lVIiSvCC8zKMHZLQ2DgHAXMiH6yurNSmBdseLliYsl/jPqf8x /sed+PG3nOHo/jvNce861i9zpnDstcpdz7rLI3RAgZfqXZk81Sb8wlw3sM6FteOWVPhNxBqkZpO6gTjeDOt076HgGHc8gOc7mKMhIy/EdHC7 CYVGeQxJ9PIzgrXfgFhpdve/ZDrv2uGbfORGCTN4Wc1iaw8DNhSTdhDvtJgLtzrCIaFhwsxD4hOGqsooX032nWzV2DfNLrbL3Kbuz1tFrtI XeIAvV0R46RCeoiyi6RT/RL/S7tFU6LLVLJ9PQ1ZUs5xXKWenbXw/pxIM=</latexit><latexit sha1_base64="1jLHU0m2Nv0Lb9MwHXKBWW8BOQw=">AA AFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeKEwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs 0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBA761 rvMqfY3KqZhpobvO1bmVFBmJ/3NtVvbDek4YFxRn0h5ZZmR6mkilEd9FpftsWQRoSNyza7A5SRgsqdT7THeBsTFg1DA4gqn6GKGJoGUk8CBy ICooSxyCbiU84liPyAz118f8Q4UC/2CKjVo9LTHo7FinE5FDcY+ViFOhoZdTzCq/Ak4hAoPzoXpkAhCFYw2V9+VyTHyPRNtQg5kXN5earjt UYaPIAofJDPAy8NSK9ufGQxZsCTygASeP9HdWKfldYxntg2VREB83AG5kcILli/RGZKIzSsEseaxbu60cLLfwc0PrWZ9uqkvlsC42Wg1d1tN y0yWsbsDP1VYNaMGz7pRBbpqGnXYVWtGozGtYZkzkXMVybk/+tGQOExpO5lVIiSvCC8zKMHZLQ2DgHAXMiH6yurNSmBdseLliYsl/jPqf8x /sed+PG3nOHo/jvNce861i9zpnDstcpdz7rLI3RAgZfqXZk81Sb8wlw3sM6FteOWVPhNxBqkZpO6gTjeDOt076HgGHc8gOc7mKMhIy/EdHC7 CYVGeQxJ9PIzgrXfgFhpdve/ZDrv2uGbfORGCTN4Wc1iaw8DNhSTdhDvtJgLtzrCIaFhwsxD4hOGqsooX032nWzV2DfNLrbL3Kbuz1tFrtI XeIAvV0R46RCeoiyi6RT/RL/S7tFU6LLVLJ9PQ1ZUs5xXKWenbXw/pxIM=</latexit><latexit sha1_base64="1jLHU0m2Nv0Lb9MwHXKBWW8BOQw=">AA AFn3icfVRdT9swFDWMbqz7gu1xLxYV0rRJUdKVtUhVxcaEeKEwSgeDVJXjuDRq4mS2C6us/JS9br9p/2Y3aUqb0O1KTq/PuR/Ht4mdyPekMs 0/K6sP1koPH60/Lj95+uz5i43Nl19lOBaUdWnoh+LCIZL5Hmdd5SmfXUSCkcDx2bkz2k/48xsmpBfyMzWJWC8g19wbeJQogPobm7ZDBA761 rvMqfY3KqZhpobvO1bmVFBmJ/3NtVvbDek4YFxRn0h5ZZmR6mkilEd9FpftsWQRoSNyza7A5SRgsqdT7THeBsTFg1DA4gqn6GKGJoGUk8CBy ICooSxyCbiU84liPyAz118f8Q4UC/2CKjVo9LTHo7FinE5FDcY+ViFOhoZdTzCq/Ak4hAoPzoXpkAhCFYw2V9+VyTHyPRNtQg5kXN5earjt UYaPIAofJDPAy8NSK9ufGQxZsCTygASeP9HdWKfldYxntg2VREB83AG5kcILli/RGZKIzSsEseaxbu60cLLfwc0PrWZ9uqkvlsC42Wg1d1tN y0yWsbsDP1VYNaMGz7pRBbpqGnXYVWtGozGtYZkzkXMVybk/+tGQOExpO5lVIiSvCC8zKMHZLQ2DgHAXMiH6yurNSmBdseLliYsl/jPqf8x /sed+PG3nOHo/jvNce861i9zpnDstcpdz7rLI3RAgZfqXZk81Sb8wlw3sM6FteOWVPhNxBqkZpO6gTjeDOt076HgGHc8gOc7mKMhIy/EdHC7 CYVGeQxJ9PIzgrXfgFhpdve/ZDrv2uGbfORGCTN4Wc1iaw8DNhSTdhDvtJgLtzrCIaFhwsxD4hOGqsooX032nWzV2DfNLrbL3Kbuz1tFrtI XeIAvV0R46RCeoiyi6RT/RL/S7tFU6LLVLJ9PQ1ZUs5xXKWenbXw/pxIM=</latexit>
m¯1
<latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd 1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuW GamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke+ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7 sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI 7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1E kY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latexit><latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd 1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuW GamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke+ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7 sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI 7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1E kY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latexit><latexit sha1_base64="lAGjnF8iQth5moQODKQH7+cmdX4=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQaFiZd 1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCBgwvrYqtiGmZq+LZjZU4FZXZ8sb1xbbshnQSMK+oTKfuW GamBJkJ51Gdx2Z5IFhE6JpesDy4nAZMDnQqO8Q4gLh6GAhZXOEWXMzQJpJwGDkQGRI1kkUvAlZxPFPsBmbn++pB3oVjoF1SpYWOgPR5NFON0Jmo48bEKcTIp7HqCUeVPwSFUeHAuTEdEEKpgnrn6rkyOke+ZaBNyKOPyzkrDHY8yfAhR+CCZAV4dllrZ/shgyIIlkQck8Pyp7 sU6La9jPLcdqCQC4uMuyI0UXrJ8ie6IRGxRIYg1j3Vzt4WT/S5uvm0167NNfbkExs1Gq7nXalpmsoy9XfipwqoZNXjWjSrQVdOow65aMxqNWQ3LnItcqEjO/d6PRsRhStvJrBIheUV4lUEJzq5pGASEu5AJ0X1rMC+BdcWKVycul/jPqP8x/+We7XjWznF0O47zXGfBdYrcyYI 7KXLfFty3IndFgJTpX5o91TT9wlw2tE+FtuGVV/pUxBmk5pC6gbq9DOr2bqCjOXQ0h+Qkm6MgYy0nN3C4DIdFeQ5J9PEwgrfegatn3H8zsB126XHNvnMiBJm+LuawNIeBmwtJugl31k0E2p1jEdGw4GYh8AnDVWUVL6bbTq9q7Bnml1pl/0N2Z22iF+gleoUsVEf76DM6Rj1E kY9+ol/od+l56V2pXfo0C11fy3KeoZyVOn8B3eDBHg==</latexit>
m¯2
<latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">AAAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6s a5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSKwf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVA e5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDl YRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuNloNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1YnLJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX 6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C 11fy3KeoZyVOn8B4wnBHw==</latexit><latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">AAAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6s a5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSKwf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVA e5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDl YRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuNloNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1YnLJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX 6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C 11fy3KeoZyVOn8B4wnBHw==</latexit><latexit sha1_base64="6JXO4p2+m0YDqPdl68ZSyGnBiCw=">AAAFlHicfVRbb9MwFPbGCqPcNnjggReLahLiIUpKRzupVIPCxMu6s a5soqkmx3HXqM4F292orPwJXuGP8W84SdO1yQpHcnr8fefy+TSxE3FPKtP8s7Z+Z6N0997m/fKDh48eP9nafvpVhhNBWY+GPBTnDpGMewHrKU9xdh4JRnyHszNn3E74sysmpBcGp2oasYFPLgNv6FGiADq3HSKwf1G92KqYhpkavu1YmVNBmR1fbG9c225IJz4LFOVEyr5lRmqgiVA e5Swu2xPJIkLH5JL1wQ2Iz+RAp4JjvAOIi4ehgBUonKLLGZr4Uk59ByJ9okayyCXgSo4TxX5AZq6/Pgy6UCzkBVVq2BhoL4gmigV0Jmo44ViFOJkUdj3BqOJTcAgVHpwL0xERhCqYZ66+K5Nj5Hsm2oQcyri8s9Jwx6MMH0IUPkhmgFeHpVa2PzIYsmBJ5AHxPT7VvVin5XWM57YDl YRPOO6C3EjhJcuX6I5IxBYV/FgHsW7utnCy38XNt61mfbapL5fAuNloNfdaTctMlrG3Cz9VWDWjBs+6UQW6ahp12FVrRqMxq2GZc5ELFcm53/NoRBymtJ3MKhGSV4RXGZQI2DUNfZ8ELmRCdN8azEtgXbHi1YnLJf4z6n/Mf7lnO561cxzdjuM811lwnSJ3suBOity3BfetyF0RIGX 6l2ZPNU2/MJcN7VOhbXjllT4VcQapOaRuoG4vg7q9G+hoDh3NITnJ5ijIWMvJDRwuw2FRnkMSfUEYwVvvwNUz7r8Z2A679ALNvgdECDJ9XcxhaQ4DNxeSdBPurJvwtTvHIqJhwc1C4BOGq8oqXky3nV7V2DPML7XK/ofsztpEL9BL9ApZqI720Wd0jHqIIo5+ol/od+l56V2pXfo0C 11fy3KeoZyVOn8B4wnBHw==</latexit>
n¯1
<latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit><latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit><latexit sha1_base64="yOnxIphpMIjJ3FSPtsGa7lnuBII=">AAAFlHicfVRdb9MwFPXGCqN8bfDAAy8W1STEQ5SUjnZSqQa FiZd1Y13ZRFNNjuOuURMn2O5GZeVP8Ap/jH/DTZquTVa4ktPrc+7H8W1iJ/I9qUzzz9r6nY3S3Xub98sPHj56/GRr++lXGU4EZT0a+qE4d4hkvsdZT3nKZ+eRYCRwfHbmjNsJf3bFhPRCfqqmERsE5JJ7Q48SBdC57RCB+YV1sVUxDTM1fNuxMqeCMju+2N64tt2Q TgLGFfWJlH3LjNRAE6E86rO4bE8kiwgdk0vWB5eTgMmBTgXHeAcQFw9DAYsrnKLLGZoEUk4DByIDokayyCXgSs4niv2AzFx/fci7UCz0C6rUsDHQHo8minE6EzWc+FiFOJkUdj3BqPKn4BAqPDgXpiMiCFUwz1x9VybHyPdMtAk5lHF5Z6XhjkcZPoQofJDMAK8OS 61sf2QwZMGSyAMSeP5U92KdltcxntsOVBIB8XEX5EYKL1m+RHdEIraoEMSax7q528LJfhc337aa9dmmvlwC42aj1dxrNS0zWcbeLvxUYdWMGjzrRhXoqmnUYVetGY3GrIZlzkUuVCTnfu9HI+Iwpe1kVomQvCK8yqAEZ9c0DALCXciE6L41mJfAumLFqxOXS/xn1 P+Y/3LPdjxr5zi6Hcd5rrPgOkXuZMGdFLlvC+5bkbsiQMr0L82eapp+YS4b2qdC2/DKK30q4gxSc0jdQN1eBnV7N9DRHDqaQ3KSzVGQsZaTGzhchsOiPIck+ngYwVvvwNUz7r8Z2A679Lhm3zkRgkxfF3NYmsPAzYUk3YQ76yYC7c6xiGhYcLMQ+IThqrKKF9Ntp1 c19gzzS62y/yG7szbRC/QSvUIWqqN99Bkdox6iyEc/0S/0u/S89K7ULn2aha6vZTnPUM5Knb/jC8Ef</latexit>
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where a triangle denotes the Wigner matrix of either a given rotation or a generic SU(2) element. Let us point
out that in the case sign(m¯1m¯2) = sign(n¯1n¯2) = +, the explicit expression of the two Clebsch-Gordan coefficients
CKkj1m¯1,j2m¯2 and C
Kk
j1n¯1,j2n¯2
are nonvanishing only for K = |m¯1 + m¯2|, k = m¯1 + m¯2 and K = |n¯1 + n¯2|, k = n¯1 + n¯2
respectively. Hence, in this case the reduction is naturally implemented in this product rule. However, in the case
where the two magnetic numbers have opposite signs, there is a tower of spins K that are allowed. In this case we
need to restrict to the lowest spin in the tower in order for the reduction to be implemented in our recoupling rule.
Moreover, in the case where the reduced states in the tensor product contain a U(1) integral, as in Eq. (60), we first
need to align the two states by fixing the same value for the U(1) angles and then project by integrating the tensor
product of the two states over this angle, in order to rewrite the product in terms of original reduced states on the
links. We can now use these recoupling rules to compute the product of two 3-valent reduced states. Doing this we
find
|vR3 (j)〉 ⊗ |vR3 (j′)〉 =
∫ 2pi
0
dα
g✓ g'
gr
jz
gr
jy
g✓
jx
jx
g'
jy
jz j
′
z
j′z
j′x
j′x
j′y
j′y uy
uy
u 1x
ux
ux
u 1y
u 1x
ux
ux
uy
uy
u 1y
=
∫ 2pi
0
dα
g✓ g'
uy
grgr
u 1x
g✓
ux
u 1y
g'
u′yu′x
u′−1x u′−1y
nx
nynx
ny
jz
jy
jx
jx
jy
jz j
′
z
j′z
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=
∫ 2pi
0
dα
jz
jyjx
j′z
j′x j′y
gr
u 1x
g✓
ux
u 1y
g'
uy
￿m¯x + m¯′x￿
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nx
nynx
ny , (73)
where we have introduced the graphical notation
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to use the fact that, due to the gauge invariance at the 3-valent node of |vR3 (j′)〉, the α dependence of the rotation
group elements ux, uy [see Eqs. (51) and (52)] acting near the node can be reabsorbed and then the integral sees only
these group elements on the links of the reduced state.
Finally, we can rewrite the product of two 3-valent reduced states as
|vR3 (j)〉 ⊗ |vR3 (j′)〉 =

jx j
′
x |m¯x + m¯′x|
jy j
′
y |m¯y + m¯′y|
jz j
′
z |m¯z + m¯′z|
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￿n¯x + n¯′x￿
<latexit sha1_base64="JfQ1A8P2MK9FapraVrBRozHXVzw=">AAAFonicfVTtbtMwFPXGCqN8bAP+8ceiqkAgRUnpaCdV1WBoQkL77MqmNVXlJO4aNXGC7W4rXt6Fv /BGvA03abo2WeFKTq/PuR/Ht4mt0HOF1PU/S8v3Vgr3H6w+LD56/OTp2vrGs28iGHGbtu3AC/iZRQT1XEbb0pUePQs5Jb7l0VNruBPzp5eUCzdgJ3Ic0q5PLpjbd20iAeqtv7gxLcIx612/mzive9c3vfWSrumJ4buOkTollNphb2PlynQCe+RTJm2PCNEx9FB2FeHStT0aFc2RoCGxh+SCdsBlxKeiqxL5ES4D4uB+wGExiRN0PkMRX4ixb0GkT +RA5LkYXMh5RNJryMz0V3usBcUCL6dK9utd5bJwJCmzJ6L6Iw/LAMdzw47LqS29MTjE5i6cC9sDwoktYbqZ+o6Ij5HtGWvjoi+iYnmh4X3XpngPovBuPAO8OCyxovmZwpA5jSN3ie96Y9WOVFJeRXhqZajEfeLhFsgNJZ6zbInWgIR0VsGPFItUY7OJ4/0mbnxoNmqTTW2+BMaNerOx1WwYery0rU34qcCqalV41rQK0BVdq8GuUtXq9UkNQ5+Kn KmIz/3RCwfEolKZ8axiIVlFeJFBCUav7MD3CXMgE6I7RndaAquSES1OnC/xn1H/Y/7zPXeiSTvLUjtRlOX2Z9x+njueccd57nzGnee5SwKkSP7S9CnHyRfm0L55wpUJr7xUJzxKITmF5C3UaqdQq30LHUyhgykkRukcORkqMbqFg3k4yMuzSKyPBSG89RZcRMPO+65p0QuXKfqdEc7J+G0+hyY5FNxMSNyNO5Nu3FfOFAuJggU3C4FPGK4qI38x3 XXaFW1L04+qpe1P6Z21il6iV+gNMlANbaMv6BC1kY1+oJ/oF/pdKBe+Fo4KrUno8lKa8xxlrGD+BU04xk8=</latexit><latexit sha1_base64="JfQ1A8P2MK9FapraVrBRozHXVzw=">AAAFonicfVTtbtMwFPXGCqN8bAP+8ceiqkAgRUnpaCdV1WBoQkL77MqmNVXlJO4aNXGC7W4rXt6Fv /BGvA03abo2WeFKTq/PuR/Ht4mt0HOF1PU/S8v3Vgr3H6w+LD56/OTp2vrGs28iGHGbtu3AC/iZRQT1XEbb0pUePQs5Jb7l0VNruBPzp5eUCzdgJ3Ic0q5PLpjbd20iAeqtv7gxLcIx612/mzive9c3vfWSrumJ4buOkTollNphb2PlynQCe+RTJm2PCNEx9FB2FeHStT0aFc2RoCGxh+SCdsBlxKeiqxL5ES4D4uB+wGExiRN0PkMRX4ixb0GkT +RA5LkYXMh5RNJryMz0V3usBcUCL6dK9utd5bJwJCmzJ6L6Iw/LAMdzw47LqS29MTjE5i6cC9sDwoktYbqZ+o6Ij5HtGWvjoi+iYnmh4X3XpngPovBuPAO8OCyxovmZwpA5jSN3ie96Y9WOVFJeRXhqZajEfeLhFsgNJZ6zbInWgIR0VsGPFItUY7OJ4/0mbnxoNmqTTW2+BMaNerOx1WwYery0rU34qcCqalV41rQK0BVdq8GuUtXq9UkNQ5+Kn KmIz/3RCwfEolKZ8axiIVlFeJFBCUav7MD3CXMgE6I7RndaAquSES1OnC/xn1H/Y/7zPXeiSTvLUjtRlOX2Z9x+njueccd57nzGnee5SwKkSP7S9CnHyRfm0L55wpUJr7xUJzxKITmF5C3UaqdQq30LHUyhgykkRukcORkqMbqFg3k4yMuzSKyPBSG89RZcRMPO+65p0QuXKfqdEc7J+G0+hyY5FNxMSNyNO5Nu3FfOFAuJggU3C4FPGK4qI38x3 XXaFW1L04+qpe1P6Z21il6iV+gNMlANbaMv6BC1kY1+oJ/oF/pdKBe+Fo4KrUno8lKa8xxlrGD+BU04xk8=</latexit><latexit sha1_base64="JfQ1A8P2MK9FapraVrBRozHXVzw=">AAAFonicfVTtbtMwFPXGCqN8bAP+8ceiqkAgRUnpaCdV1WBoQkL77MqmNVXlJO4aNXGC7W4rXt6Fv /BGvA03abo2WeFKTq/PuR/Ht4mt0HOF1PU/S8v3Vgr3H6w+LD56/OTp2vrGs28iGHGbtu3AC/iZRQT1XEbb0pUePQs5Jb7l0VNruBPzp5eUCzdgJ3Ic0q5PLpjbd20iAeqtv7gxLcIx612/mzive9c3vfWSrumJ4buOkTollNphb2PlynQCe+RTJm2PCNEx9FB2FeHStT0aFc2RoCGxh+SCdsBlxKeiqxL5ES4D4uB+wGExiRN0PkMRX4ixb0GkT +RA5LkYXMh5RNJryMz0V3usBcUCL6dK9utd5bJwJCmzJ6L6Iw/LAMdzw47LqS29MTjE5i6cC9sDwoktYbqZ+o6Ij5HtGWvjoi+iYnmh4X3XpngPovBuPAO8OCyxovmZwpA5jSN3ie96Y9WOVFJeRXhqZajEfeLhFsgNJZ6zbInWgIR0VsGPFItUY7OJ4/0mbnxoNmqTTW2+BMaNerOx1WwYery0rU34qcCqalV41rQK0BVdq8GuUtXq9UkNQ5+Kn KmIz/3RCwfEolKZ8axiIVlFeJFBCUav7MD3CXMgE6I7RndaAquSES1OnC/xn1H/Y/7zPXeiSTvLUjtRlOX2Z9x+njueccd57nzGnee5SwKkSP7S9CnHyRfm0L55wpUJr7xUJzxKITmF5C3UaqdQq30LHUyhgykkRukcORkqMbqFg3k4yMuzSKyPBSG89RZcRMPO+65p0QuXKfqdEc7J+G0+hyY5FNxMSNyNO5Nu3FfOFAuJggU3C4FPGK4qI38x3 XXaFW1L04+qpe1P6Z21il6iV+gNMlANbaMv6BC1kY1+oJ/oF/pdKBe+Fo4KrUno8lKa8xxlrGD+BU04xk8=</latexit>
￿m¯x + m¯′x￿
<latexit sha1_base64="VCA2SoxkigRVwMpEOg/HX/2t0qc=">AAAFonicfVRbb9MwFPbGCqNctgFvvFhUFQikKCkd7aSqGgxNSGjXrmxaU1WO465Rc8N2txUv/4V X+Ef8G07SdG2ywpGcHn/fuXw+TWyFriOkrv9ZWr63Urj/YPVh8dHjJ0/X1jeefRPBiFPWpoEb8DOLCOY6PmtLR7rsLOSMeJbLTq3hTsyfXjIunMA/keOQdT1y4Tt9hxIJUG/9xY1pEY693vW7ifO6d33TWy/pmp4YvusYqVNCqR32NlauTDugI4/5krpEiI6hh7KrCJcOdVlUNEeChYQOyQXrgOsTj4muSuRHuAyIjfsBh+VLnKDzGYp4Qow9 CyI9Igciz8XgQs4lkl1DZqa/2vNbUCxwc6pkv95Vjh+OJPPpRFR/5GIZ4Hhu2HY4o9Idg0Mod+BcmA4IJ1TCdDP1bREfI9sz1sZFX0TF8kLD+w5leA+i8G48A7w4LLGi+ZnBkDmLI3eJ57hj1Y5UUl5FeGplqMQ94uIWyA0lnrNsidaAhGxWwYuUH6nGZhPH+03c+NBs1Cab2nwJjBv1ZmOr2TD0eGlbm/BTgVXVqvCsaRWgK7pWg12lqtXrk xqGPhU5UxGf+6MbDojFpDLjWcVCsorwIoMSPruigecR34ZMiO4Y3WkJrEpGtDhxvsR/Rv2P+c/33Ikm7SxL7URRltufcft57njGHee58xl3nucuCZAi+UvTpxwnX5jN+uYJVya88lKd8CiF5BSSt1CrnUKt9i10MIUOppAYpXPkZKjE6BYO5uEgL88isT4/COGtt+AiGnbed02LXTi+Yt99wjkZv83nsCSHgZsJibtxe9KNe8qeYiFRsOBmIf AJw1Vl5C+mu067om1p+lG1tP0pvbNW0Uv0Cr1BBqqhbfQFHaI2ougH+ol+od+FcuFr4ajQmoQuL6U5z1HGCuZfQtXGTQ==</latexit><latexit sha1_base64="VCA2SoxkigRVwMpEOg/HX/2t0qc=">AAAFonicfVRbb9MwFPbGCqNctgFvvFhUFQikKCkd7aSqGgxNSGjXrmxaU1WO465Rc8N2txUv/4V X+Ef8G07SdG2ywpGcHn/fuXw+TWyFriOkrv9ZWr63Urj/YPVh8dHjJ0/X1jeefRPBiFPWpoEb8DOLCOY6PmtLR7rsLOSMeJbLTq3hTsyfXjIunMA/keOQdT1y4Tt9hxIJUG/9xY1pEY693vW7ifO6d33TWy/pmp4YvusYqVNCqR32NlauTDugI4/5krpEiI6hh7KrCJcOdVlUNEeChYQOyQXrgOsTj4muSuRHuAyIjfsBh+VLnKDzGYp4Qow9 CyI9Igciz8XgQs4lkl1DZqa/2vNbUCxwc6pkv95Vjh+OJPPpRFR/5GIZ4Hhu2HY4o9Idg0Mod+BcmA4IJ1TCdDP1bREfI9sz1sZFX0TF8kLD+w5leA+i8G48A7w4LLGi+ZnBkDmLI3eJ57hj1Y5UUl5FeGplqMQ94uIWyA0lnrNsidaAhGxWwYuUH6nGZhPH+03c+NBs1Cab2nwJjBv1ZmOr2TD0eGlbm/BTgVXVqvCsaRWgK7pWg12lqtXrk xqGPhU5UxGf+6MbDojFpDLjWcVCsorwIoMSPruigecR34ZMiO4Y3WkJrEpGtDhxvsR/Rv2P+c/33Ikm7SxL7URRltufcft57njGHee58xl3nucuCZAi+UvTpxwnX5jN+uYJVya88lKd8CiF5BSSt1CrnUKt9i10MIUOppAYpXPkZKjE6BYO5uEgL88isT4/COGtt+AiGnbed02LXTi+Yt99wjkZv83nsCSHgZsJibtxe9KNe8qeYiFRsOBmIf AJw1Vl5C+mu067om1p+lG1tP0pvbNW0Uv0Cr1BBqqhbfQFHaI2ougH+ol+od+FcuFr4ajQmoQuL6U5z1HGCuZfQtXGTQ==</latexit><latexit sha1_base64="VCA2SoxkigRVwMpEOg/HX/2t0qc=">AAAFonicfVRbb9MwFPbGCqNctgFvvFhUFQikKCkd7aSqGgxNSGjXrmxaU1WO465Rc8N2txUv/4V X+Ef8G07SdG2ywpGcHn/fuXw+TWyFriOkrv9ZWr63Urj/YPVh8dHjJ0/X1jeefRPBiFPWpoEb8DOLCOY6PmtLR7rsLOSMeJbLTq3hTsyfXjIunMA/keOQdT1y4Tt9hxIJUG/9xY1pEY693vW7ifO6d33TWy/pmp4YvusYqVNCqR32NlauTDugI4/5krpEiI6hh7KrCJcOdVlUNEeChYQOyQXrgOsTj4muSuRHuAyIjfsBh+VLnKDzGYp4Qow9 CyI9Igciz8XgQs4lkl1DZqa/2vNbUCxwc6pkv95Vjh+OJPPpRFR/5GIZ4Hhu2HY4o9Idg0Mod+BcmA4IJ1TCdDP1bREfI9sz1sZFX0TF8kLD+w5leA+i8G48A7w4LLGi+ZnBkDmLI3eJ57hj1Y5UUl5FeGplqMQ94uIWyA0lnrNsidaAhGxWwYuUH6nGZhPH+03c+NBs1Cab2nwJjBv1ZmOr2TD0eGlbm/BTgVXVqvCsaRWgK7pWg12lqtXrk xqGPhU5UxGf+6MbDojFpDLjWcVCsorwIoMSPruigecR34ZMiO4Y3WkJrEpGtDhxvsR/Rv2P+c/33Ikm7SxL7URRltufcft57njGHee58xl3nucuCZAi+UvTpxwnX5jN+uYJVya88lKd8CiF5BSSt1CrnUKt9i10MIUOppAYpXPkZKjE6BYO5uEgL88isT4/COGtt+AiGnbed02LXTi+Yt99wjkZv83nsCSHgZsJibtxe9KNe8qeYiFRsOBmIf AJw1Vl5C+mu067om1p+lG1tP0pvbNW0Uv0Cr1BBqqhbfQFHaI2ougH+ol+od+FcuFr4ajQmoQuL6U5z1HGCuZfQtXGTQ==</latexit>
￿m¯y + m¯′y ￿
<latexit sha1_base64="zJubeq8tt+J7iVSX43Jf3Y5fkN8=">AAAFonicfVTtbtMwFPXGCqN8bcA//lhUEwikKCkd7aSqGgxNSGifXdm0pqqcxF2jJk6w3Y3g5V 34C2/E23CTpmuTFa7k9Pqc+3F8m9gKPVdIXf+ztHxnpXT33ur98oOHjx4/WVt/+lUEY27Tjh14AT+ziKCey2hHutKjZyGnxLc8emqNdhL+9JJy4QbsREYh7fnkgrkD1yYSoP7a82vTIhz7/ejtxHnVj677axVd01PDtx0jcyoos8P++sqV6QT22KdM2h4RomvooewpwqVrezQum2NBQ2KPyAXtgsuIT0VPpfJjvAGIgwcBh8UkTtH5DEV8I SLfgkifyKEocgm4kPOIpN8hM9df7bE2FAu8gio5aPSUy8KxpMyeiBqMPSwDnMwNOy6ntvQicIjNXTgXtoeEE1vCdHP1HZEcI98z0cbFQMTljYWG912b4j2IwrvJDPDisNTK5icKQ+Y0idwlvutFqhOrtLyK8dQ2oBL3iYfbIDeUeM7yJdpDEtJZBT9WLFbNzRZO9pu4+b7VrE829fkSGDcbreZWq2noydK2NuGnCqum1eBZ16pAV3WtDrtqT Ws0JjUMfSpypiI59wcvHBKLSmUms0qE5BXhRQYlGL2yA98nzIFMiO4avWkJrCpGvDhxvsR/Rv2P+c/33Ikn7SxL7cRxntufcftF7njGHRe58xl3XuQuCZAi/Uuzp4zSL8yhA/OEKxNeealOeJxBcgrJG6jdyaB25wY6mEIHU0iMszlyMlJifAMH83BQlGeRRB8LQnjrLbiIRt13PdOiFy5T9BsjnJPoTTGHpjkU3FxI0o07k27cV84UC4mC BTcLgU8YriqjeDHddjpVbUvTj2qV7Y/ZnbWKXqCX6DUyUB1to8/oEHWQjX6gn+gX+l3aKH0pHZXak9DlpSznGcpZyfwLTTPGTw==</latexit><latexit sha1_base64="zJubeq8tt+J7iVSX43Jf3Y5fkN8=">AAAFonicfVTtbtMwFPXGCqN8bcA//lhUEwikKCkd7aSqGgxNSGifXdm0pqqcxF2jJk6w3Y3g5V 34C2/E23CTpmuTFa7k9Pqc+3F8m9gKPVdIXf+ztHxnpXT33ur98oOHjx4/WVt/+lUEY27Tjh14AT+ziKCey2hHutKjZyGnxLc8emqNdhL+9JJy4QbsREYh7fnkgrkD1yYSoP7a82vTIhz7/ejtxHnVj677axVd01PDtx0jcyoos8P++sqV6QT22KdM2h4RomvooewpwqVrezQum2NBQ2KPyAXtgsuIT0VPpfJjvAGIgwcBh8UkTtH5DEV8I SLfgkifyKEocgm4kPOIpN8hM9df7bE2FAu8gio5aPSUy8KxpMyeiBqMPSwDnMwNOy6ntvQicIjNXTgXtoeEE1vCdHP1HZEcI98z0cbFQMTljYWG912b4j2IwrvJDPDisNTK5icKQ+Y0idwlvutFqhOrtLyK8dQ2oBL3iYfbIDeUeM7yJdpDEtJZBT9WLFbNzRZO9pu4+b7VrE829fkSGDcbreZWq2noydK2NuGnCqum1eBZ16pAV3WtDrtqT Ws0JjUMfSpypiI59wcvHBKLSmUms0qE5BXhRQYlGL2yA98nzIFMiO4avWkJrCpGvDhxvsR/Rv2P+c/33Ikn7SxL7cRxntufcftF7njGHRe58xl3XuQuCZAi/Uuzp4zSL8yhA/OEKxNeealOeJxBcgrJG6jdyaB25wY6mEIHU0iMszlyMlJifAMH83BQlGeRRB8LQnjrLbiIRt13PdOiFy5T9BsjnJPoTTGHpjkU3FxI0o07k27cV84UC4mC BTcLgU8YriqjeDHddjpVbUvTj2qV7Y/ZnbWKXqCX6DUyUB1to8/oEHWQjX6gn+gX+l3aKH0pHZXak9DlpSznGcpZyfwLTTPGTw==</latexit><latexit sha1_base64="zJubeq8tt+J7iVSX43Jf3Y5fkN8=">AAAFonicfVTtbtMwFPXGCqN8bcA//lhUEwikKCkd7aSqGgxNSGifXdm0pqqcxF2jJk6w3Y3g5V 34C2/E23CTpmuTFa7k9Pqc+3F8m9gKPVdIXf+ztHxnpXT33ur98oOHjx4/WVt/+lUEY27Tjh14AT+ziKCey2hHutKjZyGnxLc8emqNdhL+9JJy4QbsREYh7fnkgrkD1yYSoP7a82vTIhz7/ejtxHnVj677axVd01PDtx0jcyoos8P++sqV6QT22KdM2h4RomvooewpwqVrezQum2NBQ2KPyAXtgsuIT0VPpfJjvAGIgwcBh8UkTtH5DEV8I SLfgkifyKEocgm4kPOIpN8hM9df7bE2FAu8gio5aPSUy8KxpMyeiBqMPSwDnMwNOy6ntvQicIjNXTgXtoeEE1vCdHP1HZEcI98z0cbFQMTljYWG912b4j2IwrvJDPDisNTK5icKQ+Y0idwlvutFqhOrtLyK8dQ2oBL3iYfbIDeUeM7yJdpDEtJZBT9WLFbNzRZO9pu4+b7VrE829fkSGDcbreZWq2noydK2NuGnCqum1eBZ16pAV3WtDrtqT Ws0JjUMfSpypiI59wcvHBKLSmUms0qE5BXhRQYlGL2yA98nzIFMiO4avWkJrCpGvDhxvsR/Rv2P+c/33Ikn7SxL7cRxntufcftF7njGHRe58xl3XuQuCZAi/Uuzp4zSL8yhA/OEKxNeealOeJxBcgrJG6jdyaB25wY6mEIHU0iMszlyMlJifAMH83BQlGeRRB8LQnjrLbiIRt13PdOiFy5T9BsjnJPoTTGHpjkU3FxI0o07k27cV84UC4mC BTcLgU8YriqjeDHddjpVbUvTj2qV7Y/ZnbWKXqCX6DUyUB1to8/oEHWQjX6gn+gX+l3aKH0pHZXak9DlpSznGcpZyfwLTTPGTw==</latexit> , (75)
where we have used once more the recoupling rule of Eq. (72), as well as the standard SU(2) recoupling theory, to
rewrite the product in terms of an original reduced 3-valent vertex state times a 9j symbol.
If we now compute the norm of the 3-valent vertex state (62) through a scalar product consistent with the reduced
recoupling rule introduced above, namely by again first aligning the bra and ket states, then performing the integration
over the SU(2) group elements through standard recoupling theory and finally performing the integral over α, we get
|vR3 (j)| ≡
»
|〈vR3 (j)|vR3 (j)〉| = (2pi)1/8
ÕÑ
jy
jz
jx
nx ny
é∗
jy
jz
jx
nx ny
, (76)
where the factor of 1/8 for the 2pi coming from the integral over α is due to the fact that the same angle α is eventually
shared by four 3-valent vertices around a cell in the (x, y)-plane; similarly for vR3 (j′). Therefore, comparing (73) with
18
(75), we see that
|vR3 (j)||vR3 (j′)| = (2pi)1/8{9j}|vR3 (|m¯+ m¯′|)| , (77)
where the 9j symbol is the one in (75). It follows that, in terms of normalized 3-valent vertex states
|v˜R3 (j)〉 =
|vR3 (j)〉
|vR3 (j)|
, (78)
we get the product rule
|v˜R3 (j)〉 ⊗ |v˜R3 (j′)〉 =
1
(2pi)1/8
|v˜R3 (|m¯+ m¯′|)〉 . (79)
Namely, by working with normalized intertwiners, the 9j symbol gets reabsorbed in the product rule and this provides
a great simplification in the expectation value of the Hamiltonian constraint that we compute below.
Within this construction, the kinematical Hilbert space encodes the information of a radial metric tensor [as defined
by the partial gauge fixing in Eqs. (42) and (43)]. The residual gauge freedom left is encoded by the U(1) internal
rotations around the 3-direction and radial diffeomorphisms preserving the reduced graphs structure, in accordance
with the classical analysis of [97]. The latter can be implemented by standard group averaging techniques, defining
the dual Hilbert space in terms of a sum over all the reduced graphs related by a (reduced) radial diffeomorphism
with a shift smearing function depending only on the r coordinate.
F. Quantum vector constraint
The quantum vector constraint is imposed in the full theory by group averaging the spin network states over spatial
diffeomorphisms as described in the seminal paper [112]. One introduces a Gelfand triple Cyl ⊂ HK ⊂ Cyl∗ where
Cyl is the space of cylindrical functions. The vector constraint has a well-defined action on Cyl∗. Let U [φ] be an
operator acting on Cyl with φ being a self-diffeomorphism of Σt. We then have
U [φ]ψγ(A) = ψφ−1γ(A), (80)
where ψγ ∈ Cyl and A is the Ashtekar-Barbero connection. However, since U [φ] is not weakly continuous, it cannot
be produced by a self-adjoint infinitesimal generator. Therefore one has to restrict attention to finite spatial diffeo-
morphisms when searching for diffeomorphism invariant states. Solving the “finite version” of the vector constraint
equation boils down to searching for all ψ that satisfy
U [φ]ψ = ψ. (81)
This equation, however, has no nontrivial solutions in HK . Nonetheless, it can be solved for ψ ∈ Cyl∗. Formally, the
solution is given as the averaging of the dual states over the group of spatial diffeomorphisms,
(ψ[γ]| =
∑
φ∈Diff(Σt)
〈ψφγ |, (82)
where [γ] is the equivalence class of graphs.
In principle one should try to find the kernel of ˆ˜Hr. But this goal is too ambitious at the moment. However, we know
that classically and in the case where the shift vector Nr does not depend on the angular coordinates [see Eq. (23)],
H˜r =
RH˜r. Therefore it may not be implausible to assume that the kernels of the corresponding quantized operators
coincide. We expect that averaging the kinematical states constructed here over the group of radial diffeomorphisms
will provide the required solutions to Eq. (81).
V. REDUCED HAMILTONIAN CONSTRAINT OPERATOR
A regularized expression of the Hamiltonian constraint operator in LQG was introduced in [105] with an action
defined on a graph-dependent triangulation of the spacelike hypersurfaces. This construction can be easily adapted
to the cubulation used here to define HR.
19
A. Euclidean term
Importing techniques developed for the cosmological case [84, 88], we can define the Euclidean part of the reduced
Hamiltonian constraint regularized on the faces of a cubic cell dual to a 6-valent node v (modulo an overall constant)
as
RHˆE [N ] = −
2
κ2γ
N(v)ijkTr
îÄ
Rgˆαij − Rgˆ−1αij
ä
Rgˆ−1sk [
Rgˆsk ,
RVˆ (v)]
ó
, (83)
where N(v) is the lapse function at the node v; the reduced holonomies Rgˆ are taken in the fundamental representation;
and the internal indices i, j, k take values over 3, x, y. In the regularization above, the link sk corresponds to one of the
six edges `3, `x, `y (two per direction, both denoted with the same `i) departing from the node v, while αij corresponds
to a loop in the plane (ij). Thus αij = `i◦`j ◦`−1i ◦`−1j and we consider the non-graph-changing version of Thiemann’s
regularization. We take the Hamiltonian operator in the fundamental representation.
To elucidate the action of the operator given in Eq. (83), it is enough to concentrate on a reduced 3-valent vertex
state that is defined in Eq. (62) for the case k = z, i = x, j = y. The other components of Eq. (83) act in a
similar fashion. The extra structure of the 6-valent vertex state, namely the 6-valent reduced intertwiner, is not
directly affected by the action of RHˆE [N ]. In fact, in the process of computing the expectation value of RHˆE [N ]
those coefficients cancel due to normalization. By means of the reduced recoupling rules introduced in Sec. IVE, the
reduced Hamiltonian constraint action can be computed analogously to the cosmological case [86] and it yields
− 2
κ2γ
N(v)Tr
îÄ
Rgˆαxy − Rgˆ−1αxy
ä
Rgˆ−1sz [
Rgˆsz ,
RVˆ (v)]
ó
|vR3 (j)〉
= −4pi
…
γ
κ
N(v)
∑
µ=±1/2
s(µ)
»
jxjy(jz + µ)
∫ 2pi
0
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uy
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uy
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<latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0Z NnGA7G5WVX8Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIW FzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1 W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI 4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0Z NnGA7G5WVX8Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIW FzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1 W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI 4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0Z NnGA7G5WVX8Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIW FzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1 W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI 4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0Z NnGA7G5WVX8Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIW FzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1 W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI 4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit>
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2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
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2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
1<latexit sha1_base64="8fEX9ngg6paq6/s2DygtAziTpcY=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8 Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATqzrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R 7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7x wSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc 1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BpT++iA==</latexit><latexit sha1_base64="8fEX9ngg6paq6/s2DygtAziTpcY=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8 Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATqzrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R 7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7x wSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc 1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BpT++iA==</latexit><latexit sha1_base64="8fEX9ngg6paq6/s2DygtAziTpcY=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8 Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATqzrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R 7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7x wSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc 1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BpT++iA==</latexit><latexit sha1_base64="8fEX9ngg6paq6/s2DygtAziTpcY=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8 Ar/Dj+DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATqzrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R 7Adk5vrrA96GYoFXUKUGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7x wSGymdC+ZVSIkrwgvMijB2R0NfJ9wBzIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc 1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM/0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BpT++iA==</latexit>
0
<latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8Ar/Dj+ DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUK UGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wB zIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM /0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8Ar/Dj+ DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUK UGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wB zIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM /0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8Ar/Dj+ DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUK UGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wB zIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM /0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit><latexit sha1_base64="n7GLx4M6dqTvGEUgTHniZT0XY30=">AAAFjnicfVRbb9MwFPbGCqPcNnjkxaKahHiIktKtnVTKYGjay65dt2ltNTmOu0ZNnGA7G5WVX8Ar/Dj+ DSdpujZZ4UhOj7/vXL6cOrZDz5XKNP8sLT9aKT1+svq0/Oz5i5ev1tZfn8sgEpR1aOAF4tImknkuZx3lKo9dhoIR3/bYhT3aTfiLWyakG/AzNQ5Z3yc33B24lCiATszrtYppmKnhh46VORWU2fH1+spdzwlo5DOuqEek7FpmqPqaCOVSj8XlXiRZSOiI3LAuuJz4TPZ1qjTGG4A4eBAIWFzhFJ3P0MSXcuzbEOkTNZRFLgEXch5R7Adk5vrrA96GYoFXUK UGjb52eRgpxulE1CDysApwMiLsuIJR5Y3BIVS48F6YDokgVMEgc/UdmbxGvmeiTciBjMsbCw0fupThA4jCe8kM8OKw1Mq9bwyGLFgSuUd81xvrTqzT8jrGU9uASsInHm6D3FDhOcuXaA9JyGYV/FjzWDc3WzjZb+LmVqtZn2zq8yUwbjZaze1W0zKTZWxvwk8VVs2owbNuVIGumkYddtWa0WhMaljmVORMRfLeX7xwSGymdC+ZVSIkrwgvMijB2R0NfJ9wB zIhumv1pyWwrljx4sT5Ev8Z9T/mP99zN560s229G8d57nDGHRa50xl3WuSuZtxVkbslQMr0L82eapx+YQ4b9M6E7sGRV/pMxBmkppC6h9qdDGp37qGjKXQ0hWSUzVGQkZbRPRzMw0FRnk0SfTwI4dTbcOeMuh/7PZvduFyz75wIQcYfijkszWHg5kKSbsKZdBO+dqZYSDQsuFkIfMJwVVnFi+mhc1414IRaJ7XKztfs0lpFb9E79B5ZqI520D46Rh1EEUM /0S/0u7RW2ip9Kn2ehC4vZTlvUM5K+38BoBW+hw==</latexit>
jz
u 1x
u 1x
1
2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo +/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ +AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz 7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
jx
u 1y
1
2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0na bo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD 0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzH h54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bx AOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0na bo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD 0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzH h54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bx AOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0na bo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD 0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzH h54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bx AOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0na bo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD 0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzH h54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bx AOSsd/wWAG8MG</latexit>
jy
u 1x
g✓
ux
u 1y
g'
uy
m¯x + µmx<latexit sha1_base64="rR9YBhu9yKekYxUnIrUXgFuyQF0=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRdo8ZJsJ1tlcmf4Sv8I f4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv5s8uKReO73XlNKADRi48Z+RYRAI03HhumIRjNrx+a7BweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KGfWk5RIh+roWyIEiXDqWS6OyEQoaEGtCLmgfXI8wKgYq2UCEtwCx8cjnsDyJE3QxQxEmxJSZEMmIHIsiF4 NLOZdIeg2ZufrqwOuAmO8WupKj5kA5XhBK6lmzpkahi6WP48lh2+HUku4UHGJxB/aFrTHhxJIw35y+LeJt5GvGvXExElF5a6nhQ8ei+ACi8H48A7w8LLGy8YnCkDmNI/cJc9yp6kUqkVcRzmwLlDgjLu5Au4HEC5aX6IxJQOcKLFJepFrbbRy/b+PW+3arMXtpLEpg3Gq2Wzvtlq7Fq7qzDT81WPVqHZ6Nag3omlZtwFutXm02Zxq6ljU57yLe9wc3GBOTSmX Es4obyXeElxlIePTK8hkjng2ZEN3XB5kEVhU9Wp64KPGfUf9j/os196JZOdNUe1GU5w7n3GGRO5lzJ0Xu65z7WuQuCZAi+UvTp5wmX5hNR0aXKwOOvFRdHqWQzCB5A3V6KdTp3UBHGXSUQSJM58jJRInwBvYXYb/Ynkni/jw/gFNvwlU06b8bGCa9cDxFv3uEczJ9U8yhSQ4FNxcSV+P2rBpnys6wgChYcLMQ+IThqtKLF9Nt57RWhROqf6lXdj+ml9Y6eoFe otdIRw20iz6jY9RDFvqBfqJf6HfpVemg1C2dzkJXV9KcZyhnpeFfEh3HpQ==</latexit><latexit sha1_base64="rR9YBhu9yKekYxUnIrUXgFuyQF0=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRdo8ZJsJ1tlcmf4Sv8I f4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv5s8uKReO73XlNKADRi48Z+RYRAI03HhumIRjNrx+a7BweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KGfWk5RIh+roWyIEiXDqWS6OyEQoaEGtCLmgfXI8wKgYq2UCEtwCx8cjnsDyJE3QxQxEmxJSZEMmIHIsiF4 NLOZdIeg2ZufrqwOuAmO8WupKj5kA5XhBK6lmzpkahi6WP48lh2+HUku4UHGJxB/aFrTHhxJIw35y+LeJt5GvGvXExElF5a6nhQ8ei+ACi8H48A7w8LLGy8YnCkDmNI/cJc9yp6kUqkVcRzmwLlDgjLu5Au4HEC5aX6IxJQOcKLFJepFrbbRy/b+PW+3arMXtpLEpg3Gq2Wzvtlq7Fq7qzDT81WPVqHZ6Nag3omlZtwFutXm02Zxq6ljU57yLe9wc3GBOTSmX Es4obyXeElxlIePTK8hkjng2ZEN3XB5kEVhU9Wp64KPGfUf9j/os196JZOdNUe1GU5w7n3GGRO5lzJ0Xu65z7WuQuCZAi+UvTp5wmX5hNR0aXKwOOvFRdHqWQzCB5A3V6KdTp3UBHGXSUQSJM58jJRInwBvYXYb/Ynkni/jw/gFNvwlU06b8bGCa9cDxFv3uEczJ9U8yhSQ4FNxcSV+P2rBpnys6wgChYcLMQ+IThqtKLF9Nt57RWhROqf6lXdj+ml9Y6eoFe otdIRw20iz6jY9RDFvqBfqJf6HfpVemg1C2dzkJXV9KcZyhnpeFfEh3HpQ==</latexit><latexit sha1_base64="rR9YBhu9yKekYxUnIrUXgFuyQF0=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRdo8ZJsJ1tlcmf4Sv8I f4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv5s8uKReO73XlNKADRi48Z+RYRAI03HhumIRjNrx+a7BweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KGfWk5RIh+roWyIEiXDqWS6OyEQoaEGtCLmgfXI8wKgYq2UCEtwCx8cjnsDyJE3QxQxEmxJSZEMmIHIsiF4 NLOZdIeg2ZufrqwOuAmO8WupKj5kA5XhBK6lmzpkahi6WP48lh2+HUku4UHGJxB/aFrTHhxJIw35y+LeJt5GvGvXExElF5a6nhQ8ei+ACi8H48A7w8LLGy8YnCkDmNI/cJc9yp6kUqkVcRzmwLlDgjLu5Au4HEC5aX6IxJQOcKLFJepFrbbRy/b+PW+3arMXtpLEpg3Gq2Wzvtlq7Fq7qzDT81WPVqHZ6Nag3omlZtwFutXm02Zxq6ljU57yLe9wc3GBOTSmX Es4obyXeElxlIePTK8hkjng2ZEN3XB5kEVhU9Wp64KPGfUf9j/os196JZOdNUe1GU5w7n3GGRO5lzJ0Xu65z7WuQuCZAi+UvTp5wmX5hNR0aXKwOOvFRdHqWQzCB5A3V6KdTp3UBHGXSUQSJM58jJRInwBvYXYb/Ynkni/jw/gFNvwlU06b8bGCa9cDxFv3uEczJ9U8yhSQ4FNxcSV+P2rBpnys6wgChYcLMQ+IThqtKLF9Nt57RWhROqf6lXdj+ml9Y6eoFe otdIRw20iz6jY9RDFvqBfqJf6HfpVemg1C2dzkJXV9KcZyhnpeFfEh3HpQ==</latexit><latexit sha1_base64="rR9YBhu9yKekYxUnIrUXgFuyQF0=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRdo8ZJsJ1tlcmf4Sv8I f4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv5s8uKReO73XlNKADRi48Z+RYRAI03HhumIRjNrx+a7BweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KGfWk5RIh+roWyIEiXDqWS6OyEQoaEGtCLmgfXI8wKgYq2UCEtwCx8cjnsDyJE3QxQxEmxJSZEMmIHIsiF4 NLOZdIeg2ZufrqwOuAmO8WupKj5kA5XhBK6lmzpkahi6WP48lh2+HUku4UHGJxB/aFrTHhxJIw35y+LeJt5GvGvXExElF5a6nhQ8ei+ACi8H48A7w8LLGy8YnCkDmNI/cJc9yp6kUqkVcRzmwLlDgjLu5Au4HEC5aX6IxJQOcKLFJepFrbbRy/b+PW+3arMXtpLEpg3Gq2Wzvtlq7Fq7qzDT81WPVqHZ6Nag3omlZtwFutXm02Zxq6ljU57yLe9wc3GBOTSmX Es4obyXeElxlIePTK8hkjng2ZEN3XB5kEVhU9Wp64KPGfUf9j/os196JZOdNUe1GU5w7n3GGRO5lzJ0Xu65z7WuQuCZAi+UvTp5wmX5hNR0aXKwOOvFRdHqWQzCB5A3V6KdTp3UBHGXSUQSJM58jJRInwBvYXYb/Ynkni/jw/gFNvwlU06b8bGCa9cDxFv3uEczJ9U8yhSQ4FNxcSV+P2rBpnys6wgChYcLMQ+IThqtKLF9Nt57RWhROqf6lXdj+ml9Y6eoFe otdIRw20iz6jY9RDFvqBfqJf6HfpVemg1C2dzkJXV9KcZyhnpeFfEh3HpQ==</latexit>
n¯x + µnx
<latexit sha1_base64="IXkqos2bDlc2X01TSXx20om6xZ8=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRd oyZOsJ1tlcmf4Sv8If4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv5s8uKReOz7pyGtCBRy6YM3IsIgEabjw3TMIxG16/NbxweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KPcqk5RIh+roWyIEiXDqWS6OyEQoaEGtC LmgfXEY8KgYq2UCEtwCx8cjnsJjECbqYoYgnxNQzIdIjciyKXAwu5Vwi6TVk5uqrA9YBMd8tdCVHzYFyWBBKyqxZU6PQxdLH8eSw7XBqSXcKDrG4A/vC1phwYkmYb07fFvE28jXj3rgYiai8tdTwoWNRfABReD+eAV4elljZ+ERhyJzGkfvEc9yp6kUqkVcRzmwLlLhHXNyBdgOJFywv0RmTgM4VvEixSLW22zh+ 38at9+1WY/bSWJTAuNVst3baLV2LV3VnG35qsOrVOjwb1RrQNa3agLdavdpszjR0LWty3kW87w9uMCYmlcqIZxU3ku8ILzOQYPTK8j2PMBsyIbqvDzIJrCp6tDxxUeI/o/7H/Bdr7kWzcqap9qIozx3OucMidzLnTorc1zn3tchdEiBF8pemTzlNvjCbjowuVwYceam6PEohmUHyBur0UqjTu4GOMugog0SYzpGT iRLhDewvwn6xPZPE/TE/gFNvwlU06b8bGCa9cJii3xnhnEzfFHNokkPBzYXE1bg9q8Y9ZWdYQBQsuFkIfMJwVenFi+m2c1qrwgnVv9Qrux/TS2sdvUAv0WukowbaRZ/RMeohC/1AP9Ev9Lv0qnRQ6pZOZ6GrK2nOM5Sz0vAvHILHpw==</latexit><latexit sha1_base64="IXkqos2bDlc2X01TSXx20om6xZ8=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRd oyZOsJ1tlcmf4Sv8If4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv5s8uKReOz7pyGtCBRy6YM3IsIgEabjw3TMIxG16/NbxweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KPcqk5RIh+roWyIEiXDqWS6OyEQoaEGtC LmgfXEY8KgYq2UCEtwCx8cjnsJjECbqYoYgnxNQzIdIjciyKXAwu5Vwi6TVk5uqrA9YBMd8tdCVHzYFyWBBKyqxZU6PQxdLH8eSw7XBqSXcKDrG4A/vC1phwYkmYb07fFvE28jXj3rgYiai8tdTwoWNRfABReD+eAV4elljZ+ERhyJzGkfvEc9yp6kUqkVcRzmwLlLhHXNyBdgOJFywv0RmTgM4VvEixSLW22zh+ 38at9+1WY/bSWJTAuNVst3baLV2LV3VnG35qsOrVOjwb1RrQNa3agLdavdpszjR0LWty3kW87w9uMCYmlcqIZxU3ku8ILzOQYPTK8j2PMBsyIbqvDzIJrCp6tDxxUeI/o/7H/Bdr7kWzcqap9qIozx3OucMidzLnTorc1zn3tchdEiBF8pemTzlNvjCbjowuVwYceam6PEohmUHyBur0UqjTu4GOMugog0SYzpGT iRLhDewvwn6xPZPE/TE/gFNvwlU06b8bGCa9cJii3xnhnEzfFHNokkPBzYXE1bg9q8Y9ZWdYQBQsuFkIfMJwVenFi+m2c1qrwgnVv9Qrux/TS2sdvUAv0WukowbaRZ/RMeohC/1AP9Ev9Lv0qnRQ6pZOZ6GrK2nOM5Sz0vAvHILHpw==</latexit><latexit sha1_base64="IXkqos2bDlc2X01TSXx20om6xZ8=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRd oyZOsJ1tlcmf4Sv8If4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv5s8uKReOz7pyGtCBRy6YM3IsIgEabjw3TMIxG16/NbxweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KPcqk5RIh+roWyIEiXDqWS6OyEQoaEGtC LmgfXEY8KgYq2UCEtwCx8cjnsJjECbqYoYgnxNQzIdIjciyKXAwu5Vwi6TVk5uqrA9YBMd8tdCVHzYFyWBBKyqxZU6PQxdLH8eSw7XBqSXcKDrG4A/vC1phwYkmYb07fFvE28jXj3rgYiai8tdTwoWNRfABReD+eAV4elljZ+ERhyJzGkfvEc9yp6kUqkVcRzmwLlLhHXNyBdgOJFywv0RmTgM4VvEixSLW22zh+ 38at9+1WY/bSWJTAuNVst3baLV2LV3VnG35qsOrVOjwb1RrQNa3agLdavdpszjR0LWty3kW87w9uMCYmlcqIZxU3ku8ILzOQYPTK8j2PMBsyIbqvDzIJrCp6tDxxUeI/o/7H/Bdr7kWzcqap9qIozx3OucMidzLnTorc1zn3tchdEiBF8pemTzlNvjCbjowuVwYceam6PEohmUHyBur0UqjTu4GOMugog0SYzpGT iRLhDewvwn6xPZPE/TE/gFNvwlU06b8bGCa9cJii3xnhnEzfFHNokkPBzYXE1bg9q8Y9ZWdYQBQsuFkIfMJwVenFi+m2c1qrwgnVv9Qrux/TS2sdvUAv0WukowbaRZ/RMeohC/1AP9Ev9Lv0qnRQ6pZOZ6GrK2nOM5Sz0vAvHILHpw==</latexit><latexit sha1_base64="IXkqos2bDlc2X01TSXx20om6xZ8=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpuE02pnMRd oyZOsJ1tlcmf4Sv8If4NlzRZm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv5s8uKReOz7pyGtCBRy6YM3IsIgEabjw3TMIxG16/NbxweP1NGZcEs2i4UdGqWmL4tqOnTgWldjzcXLsybN8KPcqk5RIh+roWyIEiXDqWS6OyEQoaEGtC LmgfXEY8KgYq2UCEtwCx8cjnsJjECbqYoYgnxNQzIdIjciyKXAwu5Vwi6TVk5uqrA9YBMd8tdCVHzYFyWBBKyqxZU6PQxdLH8eSw7XBqSXcKDrG4A/vC1phwYkmYb07fFvE28jXj3rgYiai8tdTwoWNRfABReD+eAV4elljZ+ERhyJzGkfvEc9yp6kUqkVcRzmwLlLhHXNyBdgOJFywv0RmTgM4VvEixSLW22zh+ 38at9+1WY/bSWJTAuNVst3baLV2LV3VnG35qsOrVOjwb1RrQNa3agLdavdpszjR0LWty3kW87w9uMCYmlcqIZxU3ku8ILzOQYPTK8j2PMBsyIbqvDzIJrCp6tDxxUeI/o/7H/Bdr7kWzcqap9qIozx3OucMidzLnTorc1zn3tchdEiBF8pemTzlNvjCbjowuVwYceam6PEohmUHyBur0UqjTu4GOMugog0SYzpGT iRLhDewvwn6xPZPE/TE/gFNvwlU06b8bGCa9cJii3xnhnEzfFHNokkPBzYXE1bg9q8Y9ZWdYQBQsuFkIfMJwVenFi+m2c1qrwgnVv9Qrux/TS2sdvUAv0WukowbaRZ/RMeohC/1AP9Ev9Lv0qnRQ6pZOZ6GrK2nOM5Sz0vAvHILHpw==</latexit>
n¯y + µny
<latexit sha1_base64="u98t7/7nxZxqPkB4ckZ943lj1tE=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm 7Rk2cYDsbkcmf4Sv8If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv4c+uKBeOz7oyCujAI5fMGTkWkQANN54bJuGYDaO3hhcOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1boUSYtlwjR17VADhTh0rFcGpeNUNCAW BNySfvgMuJRMVDpBmK8BYiNRz6HxSRO0cUMRTwhIs+ESI/IsShyCbiUc4mk3yEzV18dsA6I+W6hKzlqDpTDglBSZk2bGoUulj5OJodth1NLuhE4xOIO7AtbY8KJJWG+OX1bJNvI10x642Ik4vLWUsOHjkXxAUTh/WQGeHlYamXjE4Uhc5pE7hPPcSPVi1Uqr2I8sy1Q4h5xcQfaDSResLxEZ0wCOlfwYsVi1dp u4+R9G7fet1uN6UtjUQLjVrPd2mm3dC1Z1Z1t+KnBqlfr8GxUa0DXtGoD3mr1arM51dC1WZPzLpJ9f3CDMTGpVEYyq6SRfEd4mYEEo9eW73mE2ZAJ0X19MJPAqqLHyxMXJf4z6n/Mf7HmXjwtZ5pqL47z3OGcOyxyJ3PupMhdzLmLIndFgBTpX5o9ZZR+YTYdGV2uDDjyUnV5nEFyBskbqNPLoE7vBjqaQUcz SITZHDmZKBHewP4i7BfbM0nSH/MDOPUmXEWT/ruBYdJLhyn6jRHOSfSmmEPTHApuLiSpxu1pNe4pe4YFRMGCm4XAJwxXlV68mG47p7UqnFD9S72y+zG7tNbRC/QSvUY6aqBd9Bkdox6y0A/0E/1Cv0uvSgelbul0Grq6kuU8QzkrDf8CJuzHqQ==</latexit><latexit sha1_base64="u98t7/7nxZxqPkB4ckZ943lj1tE=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm 7Rk2cYDsbkcmf4Sv8If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv4c+uKBeOz7oyCujAI5fMGTkWkQANN54bJuGYDaO3hhcOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1boUSYtlwjR17VADhTh0rFcGpeNUNCAW BNySfvgMuJRMVDpBmK8BYiNRz6HxSRO0cUMRTwhIs+ESI/IsShyCbiUc4mk3yEzV18dsA6I+W6hKzlqDpTDglBSZk2bGoUulj5OJodth1NLuhE4xOIO7AtbY8KJJWG+OX1bJNvI10x642Ik4vLWUsOHjkXxAUTh/WQGeHlYamXjE4Uhc5pE7hPPcSPVi1Uqr2I8sy1Q4h5xcQfaDSResLxEZ0wCOlfwYsVi1dp u4+R9G7fet1uN6UtjUQLjVrPd2mm3dC1Z1Z1t+KnBqlfr8GxUa0DXtGoD3mr1arM51dC1WZPzLpJ9f3CDMTGpVEYyq6SRfEd4mYEEo9eW73mE2ZAJ0X19MJPAqqLHyxMXJf4z6n/Mf7HmXjwtZ5pqL47z3OGcOyxyJ3PupMhdzLmLIndFgBTpX5o9ZZR+YTYdGV2uDDjyUnV5nEFyBskbqNPLoE7vBjqaQUcz SITZHDmZKBHewP4i7BfbM0nSH/MDOPUmXEWT/ruBYdJLhyn6jRHOSfSmmEPTHApuLiSpxu1pNe4pe4YFRMGCm4XAJwxXlV68mG47p7UqnFD9S72y+zG7tNbRC/QSvUY6aqBd9Bkdox6y0A/0E/1Cv0uvSgelbul0Grq6kuU8QzkrDf8CJuzHqQ==</latexit><latexit sha1_base64="u98t7/7nxZxqPkB4ckZ943lj1tE=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm 7Rk2cYDsbkcmf4Sv8If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv4c+uKBeOz7oyCujAI5fMGTkWkQANN54bJuGYDaO3hhcOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1boUSYtlwjR17VADhTh0rFcGpeNUNCAW BNySfvgMuJRMVDpBmK8BYiNRz6HxSRO0cUMRTwhIs+ESI/IsShyCbiUc4mk3yEzV18dsA6I+W6hKzlqDpTDglBSZk2bGoUulj5OJodth1NLuhE4xOIO7AtbY8KJJWG+OX1bJNvI10x642Ik4vLWUsOHjkXxAUTh/WQGeHlYamXjE4Uhc5pE7hPPcSPVi1Uqr2I8sy1Q4h5xcQfaDSResLxEZ0wCOlfwYsVi1dp u4+R9G7fet1uN6UtjUQLjVrPd2mm3dC1Z1Z1t+KnBqlfr8GxUa0DXtGoD3mr1arM51dC1WZPzLpJ9f3CDMTGpVEYyq6SRfEd4mYEEo9eW73mE2ZAJ0X19MJPAqqLHyxMXJf4z6n/Mf7HmXjwtZ5pqL47z3OGcOyxyJ3PupMhdzLmLIndFgBTpX5o9ZZR+YTYdGV2uDDjyUnV5nEFyBskbqNPLoE7vBjqaQUcz SITZHDmZKBHewP4i7BfbM0nSH/MDOPUmXEWT/ruBYdJLhyn6jRHOSfSmmEPTHApuLiSpxu1pNe4pe4YFRMGCm4XAJwxXlV68mG47p7UqnFD9S72y+zG7tNbRC/QSvUY6aqBd9Bkdox6y0A/0E/1Cv0uvSgelbul0Grq6kuU8QzkrDf8CJuzHqQ==</latexit><latexit sha1_base64="u98t7/7nxZxqPkB4ckZ943lj1tE=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm 7Rk2cYDsbkcmf4Sv8If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6jqM9qQjXXoecEo806Vn5mQv4c+uKBeOz7oyCujAI5fMGTkWkQANN54bJuGYDaO3hhcOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1boUSYtlwjR17VADhTh0rFcGpeNUNCAW BNySfvgMuJRMVDpBmK8BYiNRz6HxSRO0cUMRTwhIs+ESI/IsShyCbiUc4mk3yEzV18dsA6I+W6hKzlqDpTDglBSZk2bGoUulj5OJodth1NLuhE4xOIO7AtbY8KJJWG+OX1bJNvI10x642Ik4vLWUsOHjkXxAUTh/WQGeHlYamXjE4Uhc5pE7hPPcSPVi1Uqr2I8sy1Q4h5xcQfaDSResLxEZ0wCOlfwYsVi1dp u4+R9G7fet1uN6UtjUQLjVrPd2mm3dC1Z1Z1t+KnBqlfr8GxUa0DXtGoD3mr1arM51dC1WZPzLpJ9f3CDMTGpVEYyq6SRfEd4mYEEo9eW73mE2ZAJ0X19MJPAqqLHyxMXJf4z6n/Mf7HmXjwtZ5pqL47z3OGcOyxyJ3PupMhdzLmLIndFgBTpX5o9ZZR+YTYdGV2uDDjyUnV5nEFyBskbqNPLoE7vBjqaQUcz SITZHDmZKBHewP4i7BfbM0nSH/MDOPUmXEWT/ruBYdJLhyn6jRHOSfSmmEPTHApuLiSpxu1pNe4pe4YFRMGCm4XAJwxXlV68mG47p7UqnFD9S72y+zG7tNbRC/QSvUY6aqBd9Bkdox6y0A/0E/1Cv0uvSgelbul0Grq6kuU8QzkrDf8CJuzHqQ==</latexit>
m¯y + µmy
<latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8 If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIp cAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJ hUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3UuQu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2a a2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8 If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIp cAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJ hUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3UuQu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2a a2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8 If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIp cAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJ hUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3UuQu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2a a2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8 If4NlzRdm6xwktPL89w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIp cAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJ hUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3UuQu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2a a2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit>
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.(84)
If we now include also the other three 3-valent nodes of the graph that close the loop attached by the Hamiltonian
constraint and we denote the associated state as |vR〉, we obtain
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<latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8If4NlzRdm6xwktPL8 9w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIpcAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA 7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJhUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3Uu Qu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2aa2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8If4NlzRdm6xwktPL8 9w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIpcAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA 7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJhUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3Uu Qu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2aa2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8If4NlzRdm6xwktPL8 9w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIpcAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA 7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJhUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3Uu Qu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2aa2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit><latexit sha1_base64="QsK6ReY96pbq77WmCLGMiDaZslI=">AAAFpXicfVRtb9MwEPbGCqO8bSDxhS8W1QQCqUpKRzupqgZDE1/2wtpu05pSOYm7Ro2TYDsbkcmf4Sv8If4NlzRdm6xwktPL8 9w9d746NgPXEVLT/qys3lkr3b23fr/84OGjx082Np+eCj/kFu1Zvuvzc5MI6joe7UlHuvQ84JQw06Vn5mQv4c+uKBeO73VlFNABI5eeM3IsIgEabjw3TMIxG0ZvDRYOo6/KuCKYxcONilbVUsO3HT1zKiiz4+Hm2rVh+1bIqCctlwjR17VADhTh0rFcGpeNUNCAWBNySfvgeoRRMVDpBmK8BYiNRz6H5UmcoosZijAhImZCJCNyLIpcAi7lXCLpd8jM1VcHXgfEfLfQlRw1B8rxglBSz5o2NQpdLH2cTA 7bDqeWdCNwiMUd2Be2xoQTS8J8c/q2SLaRr5n0xsVIxOWtpYYPHYviA4jC+8kM8PKw1MrGJwpD5jSJ3CfMcSPVi1Uqr2I8sy1Q4oy4uAPtBhIvWF6iMyYBnSuwWHmxam23cfK+jVvv263G9KWxKIFxq9lu7bRbupas6s42/NRg1at1eDaqNaBrWrUBb7V6tdmcaujarMl5F8m+P7jBmJhUKiOZVdJIviO8zEDCo9eWzxjxbMiE6L4+mElgVdHj5YmLEv8Z9T/mv1hzL56WM021F8d57nDOHRa5kzl3Uu Qu5txFkbsiQIr0L82eMkq/MJuOjC5XBhx5qbo8ziA5g+QN1OllUKd3Ax3NoKMZJMJsjpxMlAhvYH8R9ovtmSTpz/MDOPUmXEWT/ruBYdJLx1P0m0c4J9GbYg5Ncyi4uZCkGren1ThT9gwLiIIFNwuBTxiuKr14Md12TmtVOKH6l3pl92N2aa2jF+gleo101EC76DM6Rj1koR/oJ/qFfpdelQ5K3dLpNHR1Jct5hnJWGv4FHIfHpw==</latexit>
u 1x
u 1x
1
2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniD F4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC /kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+7 0Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7r dqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MO cOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C 4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniD F4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC /kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+7 0Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7r dqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MO cOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C 4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniD F4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC /kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+7 0Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7r dqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MO cOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C 4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniD F4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC /kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+7 0Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZSwwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7r dqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MO cOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5CjLScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C 4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
jx
uy
uy
u 1y
uy
u 1y
u 1y
1
2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
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2<latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit><latexit sha1_base64="/SS8MixbD/V/pMDzUj1mafb84xI=">AAAFmHicfVRbb9MwFPbGCqPcNniDF4tqEuKhSkpLO6mqBkMDHnZhXbdpTTU5jrNGTZxguxuVlZ/BK/wu/g0nabo2WeFITo+/71y+nDq2I9+ TyjD+rKzeWyvdf7D+sPzo8ZOnzzY2n5/KcCwo69HQD8W5TSTzPc56ylM+O48EI4HtszN7tJvwZ9dMSC/kJ2oSsUFArrjnepQogPqWKwjVZqxr8eVGxagaqeG7jpk5FZTZ0eXm2o3lhHQcMK6oT6Tsm0akBpoI5VGfxWVrLFlE6IhcsT64nARMDnSqOcZbgDjYDQUsrnCKLmZoEkg5CWyIDIgayiKXgEs5nyj2AzJz/fU+70Kx0C+oUm5roD0ejRXjdCrKHftYhTgZFnY8wajyJ+AQKjx4L0yHBEamYKS5+o5MXiPfM9EmpCvj8tZS wwceZXgfovBeMgO8PCy1svWJwZAFSyL3SOD5E92LdVpex3hmW1BJBMTHXZAbKbxg+RLdIYnYvEIQax7rdqODk30Dt9932s3pprlYAuN2q9Pe7rRNI1nV7Qb81GDVq3V4Nqs1oGtGtQm7Wr3aak1rmMZM5FxF8t4f/GhIbKa0lcwqEZJXhJcZlODshoZBQLgDmRDdNwezElhXzHh54mKJ/4z6H/Nf7LkbT9vZtt6N4zx3MOcOitzxnDsuchdz7qLIXRMgZfqXZk81Sb8wh7nWidAWHHmlT0ScQWoGqVuo28ugbu8WOpxBhzNIjrM5Cj LScnwLh4twWJRnk0QfDyM49TbcPqP+u4FlsyuPa/adEyHI5G0xh6U5DNxcSNJNONNuItDODIuIhgU3C4FPGK4qs3gx3XVOa1U4oea3emXnY3ZpraNX6DV6g0zURDvoCzpCPURRiH6iX+h36WVpp/S59HUaurqS5bxAOSsd/wWAG8MG</latexit>
m¯′y + µm′y
<latexit sha1_base64="6b92OImawZseDmQxHPCXq7oDs4E=">AAAFp3icfVTbbtNAEN2WB kq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWPHaZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJoK7j0a50pEv PA04JM116Zo53E/7sinLh+N6JjALaZ+TSc4aORSRAg/Vnhkk4Zi8H0VuDhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K2TUk5ZLhOjpWiD7inDpWC6Ny0YoaECsMbmkPXA9wqjoq/QIM d4ExMZDn8PyJE7R+QxFmBARMyGSETkSRS4BF3IukfQ7ZObqq32vA2K+W+hKDpt95XhBKKlnTZoahi6WPk5mh22HU0u6ETjE4g6cC1sjwoklYcI5fVskx8jXTHrjYiji8uZCwweORfE+ROG9ZAZ 4cVhqZeMThSFzmkTuEea4kerGKpVXMZ7aJihxRlzcgXYDiecsL9EZkYDOFFisvFi1tto42W/h1vt2qzHZNOYlMG41263tdkvXklXd3oKfGqx6tQ7PRrUGdE2rNmBXq1ebzYmGrk2bnHWRnPuDG 4yISaUyklkljeQ7wosMJDx6bfmMEc+GTIju6f2pBFYVPV6cOC/xn1H/Y/7zNXfjSTnTVLtxnOcOZtxBkTueccdF7mLGXRS5KwKkSP/S7Cmj9Auz6dA44cqAV16qEx5nkJxC8gbqdDOo072BDqf Q4RQSYTZHTsZKhDewPw/7xfZMkvTn+QG89SZcRuPeu75h0kvHU/SbRzgn0ZtiDk1zKLi5kKQatyfVOFP2FAuIggU3C4FPGK4qvXgx3XZOa1V4Q/Uv9crOx+zSWkXP0Qv0CumogXbQZ3SEushCP 9BP9Av9Lr0uHZZOS+eT0OWlLOcpylmJ/AUNxcgJ</latexit><latexit sha1_base64="6b92OImawZseDmQxHPCXq7oDs4E=">AAAFp3icfVTbbtNAEN2WB kq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWPHaZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJoK7j0a50pEv PA04JM116Zo53E/7sinLh+N6JjALaZ+TSc4aORSRAg/Vnhkk4Zi8H0VuDhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K2TUk5ZLhOjpWiD7inDpWC6Ny0YoaECsMbmkPXA9wqjoq/QIM d4ExMZDn8PyJE7R+QxFmBARMyGSETkSRS4BF3IukfQ7ZObqq32vA2K+W+hKDpt95XhBKKlnTZoahi6WPk5mh22HU0u6ETjE4g6cC1sjwoklYcI5fVskx8jXTHrjYiji8uZCwweORfE+ROG9ZAZ 4cVhqZeMThSFzmkTuEea4kerGKpVXMZ7aJihxRlzcgXYDiecsL9EZkYDOFFisvFi1tto42W/h1vt2qzHZNOYlMG41263tdkvXklXd3oKfGqx6tQ7PRrUGdE2rNmBXq1ebzYmGrk2bnHWRnPuDG 4yISaUyklkljeQ7wosMJDx6bfmMEc+GTIju6f2pBFYVPV6cOC/xn1H/Y/7zNXfjSTnTVLtxnOcOZtxBkTueccdF7mLGXRS5KwKkSP/S7Cmj9Auz6dA44cqAV16qEx5nkJxC8gbqdDOo072BDqf Q4RQSYTZHTsZKhDewPw/7xfZMkvTn+QG89SZcRuPeu75h0kvHU/SbRzgn0ZtiDk1zKLi5kKQatyfVOFP2FAuIggU3C4FPGK4qvXgx3XZOa1V4Q/Uv9crOx+zSWkXP0Qv0CumogXbQZ3SEushCP 9BP9Av9Lr0uHZZOS+eT0OWlLOcpylmJ/AUNxcgJ</latexit><latexit sha1_base64="6b92OImawZseDmQxHPCXq7oDs4E=">AAAFp3icfVTbbtNAEN2WB kq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWPHaZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJoK7j0a50pEv PA04JM116Zo53E/7sinLh+N6JjALaZ+TSc4aORSRAg/Vnhkk4Zi8H0VuDhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K2TUk5ZLhOjpWiD7inDpWC6Ny0YoaECsMbmkPXA9wqjoq/QIM d4ExMZDn8PyJE7R+QxFmBARMyGSETkSRS4BF3IukfQ7ZObqq32vA2K+W+hKDpt95XhBKKlnTZoahi6WPk5mh22HU0u6ETjE4g6cC1sjwoklYcI5fVskx8jXTHrjYiji8uZCwweORfE+ROG9ZAZ 4cVhqZeMThSFzmkTuEea4kerGKpVXMZ7aJihxRlzcgXYDiecsL9EZkYDOFFisvFi1tto42W/h1vt2qzHZNOYlMG41263tdkvXklXd3oKfGqx6tQ7PRrUGdE2rNmBXq1ebzYmGrk2bnHWRnPuDG 4yISaUyklkljeQ7wosMJDx6bfmMEc+GTIju6f2pBFYVPV6cOC/xn1H/Y/7zNXfjSTnTVLtxnOcOZtxBkTueccdF7mLGXRS5KwKkSP/S7Cmj9Auz6dA44cqAV16qEx5nkJxC8gbqdDOo072BDqf Q4RQSYTZHTsZKhDewPw/7xfZMkvTn+QG89SZcRuPeu75h0kvHU/SbRzgn0ZtiDk1zKLi5kKQatyfVOFP2FAuIggU3C4FPGK4qvXgx3XZOa1V4Q/Uv9crOx+zSWkXP0Qv0CumogXbQZ3SEushCP 9BP9Av9Lr0uHZZOS+eT0OWlLOcpylmJ/AUNxcgJ</latexit><latexit sha1_base64="6b92OImawZseDmQxHPCXq7oDs4E=">AAAFp3icfVTbbtNAEN2WB kq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWPHaZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJoK7j0a50pEv PA04JM116Zo53E/7sinLh+N6JjALaZ+TSc4aORSRAg/Vnhkk4Zi8H0VuDhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K2TUk5ZLhOjpWiD7inDpWC6Ny0YoaECsMbmkPXA9wqjoq/QIM d4ExMZDn8PyJE7R+QxFmBARMyGSETkSRS4BF3IukfQ7ZObqq32vA2K+W+hKDpt95XhBKKlnTZoahi6WPk5mh22HU0u6ETjE4g6cC1sjwoklYcI5fVskx8jXTHrjYiji8uZCwweORfE+ROG9ZAZ 4cVhqZeMThSFzmkTuEea4kerGKpVXMZ7aJihxRlzcgXYDiecsL9EZkYDOFFisvFi1tto42W/h1vt2qzHZNOYlMG41263tdkvXklXd3oKfGqx6tQ7PRrUGdE2rNmBXq1ebzYmGrk2bnHWRnPuDG 4yISaUyklkljeQ7wosMJDx6bfmMEc+GTIju6f2pBFYVPV6cOC/xn1H/Y/7zNXfjSTnTVLtxnOcOZtxBkTueccdF7mLGXRS5KwKkSP/S7Cmj9Auz6dA44cqAV16qEx5nkJxC8gbqdDOo072BDqf Q4RQSYTZHTsZKhDewPw/7xfZMkvTn+QG89SZcRuPeu75h0kvHU/SbRzgn0ZtiDk1zKLi5kKQatyfVOFP2FAuIggU3C4FPGK4qvXgx3XZOa1V4Q/Uv9crOx+zSWkXP0Qv0CumogXbQZ3SEushCP 9BP9Av9Lr0uHZZOS+eT0OWlLOcpylmJ/AUNxcgJ</latexit>
n¯′y + µn′y
<latexit sha1_base64="ZzQLu0lMdjP2yXh7WDSfWJ06H9A=">AAAFp3icfVTbbtNAEN 2WBkq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWLHXZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJo K7DaFc60qXnAafEM116Zo53E/7sinLh+OxERgHte+SSOUPHIhKgwfozwyQcs5eD6K3hhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K/Qok5ZLhOjpWiD7inDpWC6Ny0YoaECs MbmkPXAZ8ajoq/QIMd4ExMZDn8NiEqfofIYinhCRZ0KkR+RIFLkEXMi5RNLvkJmrr/ZZB8R8t9CVHDb7ymFBKCmzJk0NQxdLHyezw7bDqSXdCBxicQfOha0R4cSSMOGcvi2SY+RrJr1 xMRRxeXOh4QPHongfovBeMgO8OCy1svGJwpA5TSL3iOe4kerGKpVXMZ7aJihxj7i4A+0GEs9ZXqIzIgGdKXixYrFqbbVxst/CrfftVmOyacxLYNxqtlvb7ZauJau6vQU/NVj1ah2ejW oN6JpWbcCuVq82mxMNXZs2OesiOfcHNxgRk0plJLNKGsl3hBcZSDB6bfmeR5gNmRDd0/tTCawqerw4cV7iP6P+x/zna+7Gk3KmqXbjOM8dzLiDInc8446L3MWMuyhyVwRIkf6l2VNG6 Rdm06FxwpUBr7xUJzzOIDmF5A3U6WZQp3sDHU6hwykkwmyOnIyVCG9gfx72i+2ZJOmP+QG89SZcRuPeu75h0kuHKfqNEc5J9KaYQ9McCm4uJKnG7Uk17il7igVEwYKbhcAnDFeVXryY bjuntSq8ofqXemXnY3ZpraLn6AV6hXTUQDvoMzpCXWShH+gn+oV+l16XDkunpfNJ6PJSlvMU5axE/gIYLcgL</latexit><latexit sha1_base64="ZzQLu0lMdjP2yXh7WDSfWJ06H9A=">AAAFp3icfVTbbtNAEN 2WBkq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWLHXZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJo K7DaFc60qXnAafEM116Zo53E/7sinLh+OxERgHte+SSOUPHIhKgwfozwyQcs5eD6K3hhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K/Qok5ZLhOjpWiD7inDpWC6Ny0YoaECs MbmkPXAZ8ajoq/QIMd4ExMZDn8NiEqfofIYinhCRZ0KkR+RIFLkEXMi5RNLvkJmrr/ZZB8R8t9CVHDb7ymFBKCmzJk0NQxdLHyezw7bDqSXdCBxicQfOha0R4cSSMOGcvi2SY+RrJr1 xMRRxeXOh4QPHongfovBeMgO8OCy1svGJwpA5TSL3iOe4kerGKpVXMZ7aJihxj7i4A+0GEs9ZXqIzIgGdKXixYrFqbbVxst/CrfftVmOyacxLYNxqtlvb7ZauJau6vQU/NVj1ah2ejW oN6JpWbcCuVq82mxMNXZs2OesiOfcHNxgRk0plJLNKGsl3hBcZSDB6bfmeR5gNmRDd0/tTCawqerw4cV7iP6P+x/zna+7Gk3KmqXbjOM8dzLiDInc8446L3MWMuyhyVwRIkf6l2VNG6 Rdm06FxwpUBr7xUJzzOIDmF5A3U6WZQp3sDHU6hwykkwmyOnIyVCG9gfx72i+2ZJOmP+QG89SZcRuPeu75h0kuHKfqNEc5J9KaYQ9McCm4uJKnG7Uk17il7igVEwYKbhcAnDFeVXryY bjuntSq8ofqXemXnY3ZpraLn6AV6hXTUQDvoMzpCXWShH+gn+oV+l16XDkunpfNJ6PJSlvMU5axE/gIYLcgL</latexit><latexit sha1_base64="ZzQLu0lMdjP2yXh7WDSfWJ06H9A=">AAAFp3icfVTbbtNAEN 2WBkq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWLHXZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJo K7DaFc60qXnAafEM116Zo53E/7sinLh+OxERgHte+SSOUPHIhKgwfozwyQcs5eD6K3hhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K/Qok5ZLhOjpWiD7inDpWC6Ny0YoaECs MbmkPXAZ8ajoq/QIMd4ExMZDn8NiEqfofIYinhCRZ0KkR+RIFLkEXMi5RNLvkJmrr/ZZB8R8t9CVHDb7ymFBKCmzJk0NQxdLHyezw7bDqSXdCBxicQfOha0R4cSSMOGcvi2SY+RrJr1 xMRRxeXOh4QPHongfovBeMgO8OCy1svGJwpA5TSL3iOe4kerGKpVXMZ7aJihxj7i4A+0GEs9ZXqIzIgGdKXixYrFqbbVxst/CrfftVmOyacxLYNxqtlvb7ZauJau6vQU/NVj1ah2ejW oN6JpWbcCuVq82mxMNXZs2OesiOfcHNxgRk0plJLNKGsl3hBcZSDB6bfmeR5gNmRDd0/tTCawqerw4cV7iP6P+x/zna+7Gk3KmqXbjOM8dzLiDInc8446L3MWMuyhyVwRIkf6l2VNG6 Rdm06FxwpUBr7xUJzzOIDmF5A3U6WZQp3sDHU6hwykkwmyOnIyVCG9gfx72i+2ZJOmP+QG89SZcRuPeu75h0kuHKfqNEc5J9KaYQ9McCm4uJKnG7Uk17il7igVEwYKbhcAnDFeVXryY bjuntSq8ofqXemXnY3ZpraLn6AV6hXTUQDvoMzpCXWShH+gn+oV+l16XDkunpfNJ6PJSlvMU5axE/gIYLcgL</latexit><latexit sha1_base64="ZzQLu0lMdjP2yXh7WDSfWJ06H9A=">AAAFp3icfVTbbtNAEN 2WBkq4tIUXJF5WRBU3KbJDSlIpigpFFS+90DRt1ThEa3vTWLHXZnfdYq3M1/AK/8PfMHacJnYDI60ze87MmdmJvWbgOkJq2p+l5Tsrpbv3Vu+XHzx89HhtfePJqfBDbtGu5bs+PzeJo K7DaFc60qXnAafEM116Zo53E/7sinLh+OxERgHte+SSOUPHIhKgwfozwyQcs5eD6K3hhYPoqzKuCOzjwXpFq2qp4duOnjkVlNnRYGPl2rB9K/Qok5ZLhOjpWiD7inDpWC6Ny0YoaECs MbmkPXAZ8ajoq/QIMd4ExMZDn8NiEqfofIYinhCRZ0KkR+RIFLkEXMi5RNLvkJmrr/ZZB8R8t9CVHDb7ymFBKCmzJk0NQxdLHyezw7bDqSXdCBxicQfOha0R4cSSMOGcvi2SY+RrJr1 xMRRxeXOh4QPHongfovBeMgO8OCy1svGJwpA5TSL3iOe4kerGKpVXMZ7aJihxj7i4A+0GEs9ZXqIzIgGdKXixYrFqbbVxst/CrfftVmOyacxLYNxqtlvb7ZauJau6vQU/NVj1ah2ejW oN6JpWbcCuVq82mxMNXZs2OesiOfcHNxgRk0plJLNKGsl3hBcZSDB6bfmeR5gNmRDd0/tTCawqerw4cV7iP6P+x/zna+7Gk3KmqXbjOM8dzLiDInc8446L3MWMuyhyVwRIkf6l2VNG6 Rdm06FxwpUBr7xUJzzOIDmF5A3U6WZQp3sDHU6hwykkwmyOnIyVCG9gfx72i+2ZJOmP+QG89SZcRuPeu75h0kuHKfqNEc5J9KaYQ9McCm4uJKnG7Uk17il7igVEwYKbhcAnDFeVXryY bjuntSq8ofqXemXnY3ZpraLn6AV6hXTUQDvoMzpCXWShH+gn+oV+l16XDkunpfNJ6PJSlvMU5axE/gIYLcgL</latexit>
n¯′x + µn′x<latexit sha1_base64="UOtZyqOnkKo36Jeyf6l+132Ecy0=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK/ba7K7bRivzNbzC//A3jB27id3A SOvMnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNdhtCsd6dKzgFPimS49Ncc7MX96SblwfHYsJwHte+SCOUPHIhKgwdpzwyQcs1eD63eGFw6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0KPMmm5RIiergWyrwiXjuXSqGyEggbEGpML2gOXEY+KvkqOEOENQGw89DksJnGCzmco4gkx8UyI9IgciSIXgws5l0h6DZm5+mqPdUDMdwtdyWGzrx wWhJIya9rUMHSx9HE8O2w7nFrSnYBDLO7AubA1IpxYEiac07dFfIx8zbg3LoYiKm8sNLzvWBTvQRTejWeAF4clVjY+Uxgyp3HkLvEcd6K6kUrkVYQz2wAl7hEXd6DdQOI5y0t0RiSgMwUvUixSrc02jvebuPWh3WpMN415CYxbzXZrq93StXhVtzbhpwarXq3Ds1GtAV3Tqg3Y1erVZnOqoWtZk7Mu4nN/dIMRMalURjyruJF8R3iRgQSjV5bveYTZkAnRPb2fSWBV0aPFifMS/xn1P+Y/ X3MnmpYzTbUTRXluf8btF7mjGXdU5M5n3HmRuyRAiuQvTZ9yknxhNh0ax1wZ8MpLdcyjFJIZJG+gTjeFOt0b6CCDDjJIhOkcORkrEd7A/jzsF9szSdwf8wN46024jMa9933DpBcOU/Q7I5yTydtiDk1yKLi5kLgat6fVuKfsDAuIggU3C4FPGK4qvXgx3XZOalV4Q/Wv9cr2p/TSWkUv0Ev0GumogbbRF3SIushCP9BP9Av9Lr0pHZROSmfT0OWlNOcZylmJ/AUNwcgJ</latexit><latexit sha1_base64="UOtZyqOnkKo36Jeyf6l+132Ecy0=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK/ba7K7bRivzNbzC//A3jB27id3A SOvMnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNdhtCsd6dKzgFPimS49Ncc7MX96SblwfHYsJwHte+SCOUPHIhKgwdpzwyQcs1eD63eGFw6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0KPMmm5RIiergWyrwiXjuXSqGyEggbEGpML2gOXEY+KvkqOEOENQGw89DksJnGCzmco4gkx8UyI9IgciSIXgws5l0h6DZm5+mqPdUDMdwtdyWGzrx wWhJIya9rUMHSx9HE8O2w7nFrSnYBDLO7AubA1IpxYEiac07dFfIx8zbg3LoYiKm8sNLzvWBTvQRTejWeAF4clVjY+Uxgyp3HkLvEcd6K6kUrkVYQz2wAl7hEXd6DdQOI5y0t0RiSgMwUvUixSrc02jvebuPWh3WpMN415CYxbzXZrq93StXhVtzbhpwarXq3Ds1GtAV3Tqg3Y1erVZnOqoWtZk7Mu4nN/dIMRMalURjyruJF8R3iRgQSjV5bveYTZkAnRPb2fSWBV0aPFifMS/xn1P+Y/ X3MnmpYzTbUTRXluf8btF7mjGXdU5M5n3HmRuyRAiuQvTZ9yknxhNh0ax1wZ8MpLdcyjFJIZJG+gTjeFOt0b6CCDDjJIhOkcORkrEd7A/jzsF9szSdwf8wN46024jMa9933DpBcOU/Q7I5yTydtiDk1yKLi5kLgat6fVuKfsDAuIggU3C4FPGK4qvXgx3XZOalV4Q/Wv9cr2p/TSWkUv0Ev0GumogbbRF3SIushCP9BP9Av9Lr0pHZROSmfT0OWlNOcZylmJ/AUNwcgJ</latexit><latexit sha1_base64="UOtZyqOnkKo36Jeyf6l+132Ecy0=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK/ba7K7bRivzNbzC//A3jB27id3A SOvMnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNdhtCsd6dKzgFPimS49Ncc7MX96SblwfHYsJwHte+SCOUPHIhKgwdpzwyQcs1eD63eGFw6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0KPMmm5RIiergWyrwiXjuXSqGyEggbEGpML2gOXEY+KvkqOEOENQGw89DksJnGCzmco4gkx8UyI9IgciSIXgws5l0h6DZm5+mqPdUDMdwtdyWGzrx wWhJIya9rUMHSx9HE8O2w7nFrSnYBDLO7AubA1IpxYEiac07dFfIx8zbg3LoYiKm8sNLzvWBTvQRTejWeAF4clVjY+Uxgyp3HkLvEcd6K6kUrkVYQz2wAl7hEXd6DdQOI5y0t0RiSgMwUvUixSrc02jvebuPWh3WpMN415CYxbzXZrq93StXhVtzbhpwarXq3Ds1GtAV3Tqg3Y1erVZnOqoWtZk7Mu4nN/dIMRMalURjyruJF8R3iRgQSjV5bveYTZkAnRPb2fSWBV0aPFifMS/xn1P+Y/ X3MnmpYzTbUTRXluf8btF7mjGXdU5M5n3HmRuyRAiuQvTZ9yknxhNh0ax1wZ8MpLdcyjFJIZJG+gTjeFOt0b6CCDDjJIhOkcORkrEd7A/jzsF9szSdwf8wN46024jMa9933DpBcOU/Q7I5yTydtiDk1yKLi5kLgat6fVuKfsDAuIggU3C4FPGK4qvXgx3XZOalV4Q/Wv9cr2p/TSWkUv0Ev0GumogbbRF3SIushCP9BP9Av9Lr0pHZROSmfT0OWlNOcZylmJ/AUNwcgJ</latexit><latexit sha1_base64="UOtZyqOnkKo36Jeyf6l+132Ecy0=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK/ba7K7bRivzNbzC//A3jB27id3A SOvMnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNdhtCsd6dKzgFPimS49Ncc7MX96SblwfHYsJwHte+SCOUPHIhKgwdpzwyQcs1eD63eGFw6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0KPMmm5RIiergWyrwiXjuXSqGyEggbEGpML2gOXEY+KvkqOEOENQGw89DksJnGCzmco4gkx8UyI9IgciSIXgws5l0h6DZm5+mqPdUDMdwtdyWGzrx wWhJIya9rUMHSx9HE8O2w7nFrSnYBDLO7AubA1IpxYEiac07dFfIx8zbg3LoYiKm8sNLzvWBTvQRTejWeAF4clVjY+Uxgyp3HkLvEcd6K6kUrkVYQz2wAl7hEXd6DdQOI5y0t0RiSgMwUvUixSrc02jvebuPWh3WpMN415CYxbzXZrq93StXhVtzbhpwarXq3Ds1GtAV3Tqg3Y1erVZnOqoWtZk7Mu4nN/dIMRMalURjyruJF8R3iRgQSjV5bveYTZkAnRPb2fSWBV0aPFifMS/xn1P+Y/ X3MnmpYzTbUTRXluf8btF7mjGXdU5M5n3HmRuyRAiuQvTZ9yknxhNh0ax1wZ8MpLdcyjFJIZJG+gTjeFOt0b6CCDDjJIhOkcORkrEd7A/jzsF9szSdwf8wN46024jMa9933DpBcOU/Q7I5yTydtiDk1yKLi5kLgat6fVuKfsDAuIggU3C4FPGK4qvXgx3XZOalV4Q/Wv9cr2p/TSWkUv0Ev0GumogbbRF3SIushCP9BP9Av9Lr0pHZROSmfT0OWlNOcZylmJ/AUNwcgJ</latexit>
m¯′x + µm′x<latexit sha1_base64="XFdXJz/zA/XmU8kCgSR754j1QBU=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK17b7K7bRivzNbzC//A3jB27id3ASOv MnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNfxaFc60qVnAaeEmS49Ncc7MX96SblwfO9YTgLaZ+TCc4aORSRAg7Xnhkk4Zq8G1+8MFg6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0JGPWm5RIiergWyrwiXjuXSqGyEggbEGpML2gPXI4yKvkqOEOENQGw89DksT+IEnc9QhAkxYSZEMiJHosjF4ELOJZJeQ2auvtrzOiDmu4Wu5LDZV44XhJJ61rSpY ehi6eN4dth2OLWkOwGHWNyBc2FrRDixJEw4p2+L+Bj5mnFvXAxFVN5YaHjfsSjegyi8G88ALw5LrGx8pjBkTuPIXcIcd6K6kUrkVYQz2wAlzoiLO9BuIPGc5SU6IxLQmQKLlBep1mYbx/tN3PrQbjWmm8a8BMatZru11W7pWryqW5vwU4NVr9bh2ajWgK5p1QbsavVqsznV0LWsyVkX8bk/usGImFQqI55V3Ei+I7zIQMKjV5bPGPFsyITont7PJLCq6NHixHmJ/4z6H/Ofr7kTTcuZptqJojy3P+P 2i9zRjDsqcucz7rzIXRIgRfKXpk85Sb4wmw6NY64MeOWlOuZRCskMkjdQp5tCne4NdJBBBxkkwnSOnIyVCG9gfx72i+2ZJO7P8wN46024jMa9933DpBeOp+h3j3BOJm+LOTTJoeDmQuJq3J5W40zZGRYQBQtuFgKfMFxVevFiuu2c1Krwhupf65XtT+mltYpeoJfoNdJRA22jL+gQdZGFfqCf6Bf6XXpTOiidlM6moctLac4zlLMS+QsDWcgH</latexit><latexit sha1_base64="XFdXJz/zA/XmU8kCgSR754j1QBU=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK17b7K7bRivzNbzC//A3jB27id3ASOv MnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNfxaFc60qVnAaeEmS49Ncc7MX96SblwfO9YTgLaZ+TCc4aORSRAg7Xnhkk4Zq8G1+8MFg6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0JGPWm5RIiergWyrwiXjuXSqGyEggbEGpML2gPXI4yKvkqOEOENQGw89DksT+IEnc9QhAkxYSZEMiJHosjF4ELOJZJeQ2auvtrzOiDmu4Wu5LDZV44XhJJ61rSpY ehi6eN4dth2OLWkOwGHWNyBc2FrRDixJEw4p2+L+Bj5mnFvXAxFVN5YaHjfsSjegyi8G88ALw5LrGx8pjBkTuPIXcIcd6K6kUrkVYQz2wAlzoiLO9BuIPGc5SU6IxLQmQKLlBep1mYbx/tN3PrQbjWmm8a8BMatZru11W7pWryqW5vwU4NVr9bh2ajWgK5p1QbsavVqsznV0LWsyVkX8bk/usGImFQqI55V3Ei+I7zIQMKjV5bPGPFsyITont7PJLCq6NHixHmJ/4z6H/Ofr7kTTcuZptqJojy3P+P 2i9zRjDsqcucz7rzIXRIgRfKXpk85Sb4wmw6NY64MeOWlOuZRCskMkjdQp5tCne4NdJBBBxkkwnSOnIyVCG9gfx72i+2ZJO7P8wN46024jMa9933DpBeOp+h3j3BOJm+LOTTJoeDmQuJq3J5W40zZGRYQBQtuFgKfMFxVevFiuu2c1Krwhupf65XtT+mltYpeoJfoNdJRA22jL+gQdZGFfqCf6Bf6XXpTOiidlM6moctLac4zlLMS+QsDWcgH</latexit><latexit sha1_base64="XFdXJz/zA/XmU8kCgSR754j1QBU=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK17b7K7bRivzNbzC//A3jB27id3ASOv MnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNfxaFc60qVnAaeEmS49Ncc7MX96SblwfO9YTgLaZ+TCc4aORSRAg7Xnhkk4Zq8G1+8MFg6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0JGPWm5RIiergWyrwiXjuXSqGyEggbEGpML2gPXI4yKvkqOEOENQGw89DksT+IEnc9QhAkxYSZEMiJHosjF4ELOJZJeQ2auvtrzOiDmu4Wu5LDZV44XhJJ61rSpY ehi6eN4dth2OLWkOwGHWNyBc2FrRDixJEw4p2+L+Bj5mnFvXAxFVN5YaHjfsSjegyi8G88ALw5LrGx8pjBkTuPIXcIcd6K6kUrkVYQz2wAlzoiLO9BuIPGc5SU6IxLQmQKLlBep1mYbx/tN3PrQbjWmm8a8BMatZru11W7pWryqW5vwU4NVr9bh2ajWgK5p1QbsavVqsznV0LWsyVkX8bk/usGImFQqI55V3Ei+I7zIQMKjV5bPGPFsyITont7PJLCq6NHixHmJ/4z6H/Ofr7kTTcuZptqJojy3P+P 2i9zRjDsqcucz7rzIXRIgRfKXpk85Sb4wmw6NY64MeOWlOuZRCskMkjdQp5tCne4NdJBBBxkkwnSOnIyVCG9gfx72i+2ZJO7P8wN46024jMa9933DpBeOp+h3j3BOJm+LOTTJoeDmQuJq3J5W40zZGRYQBQtuFgKfMFxVevFiuu2c1Krwhupf65XtT+mltYpeoJfoNdJRA22jL+gQdZGFfqCf6Bf6XXpTOiidlM6moctLac4zlLMS+QsDWcgH</latexit><latexit sha1_base64="XFdXJz/zA/XmU8kCgSR754j1QBU=">AAAFp3icfVTbbtNAEN2WBkq4tfCCxMuKqOImRXZISSpFUaGo4qUXmqatGodobW8aK17b7K7bRivzNbzC//A3jB27id3ASOv MnjNzZnZirxm4jpCa9mdp+c5K6e691fvlBw8fPX6ytv70RPght2jX8l2fn5lEUNfxaFc60qVnAaeEmS49Ncc7MX96SblwfO9YTgLaZ+TCc4aORSRAg7Xnhkk4Zq8G1+8MFg6uvynjksA+GqxVtKqWGL7t6KlTQakdDtZXrgzbt0JGPWm5RIiergWyrwiXjuXSqGyEggbEGpML2gPXI4yKvkqOEOENQGw89DksT+IEnc9QhAkxYSZEMiJHosjF4ELOJZJeQ2auvtrzOiDmu4Wu5LDZV44XhJJ61rSpY ehi6eN4dth2OLWkOwGHWNyBc2FrRDixJEw4p2+L+Bj5mnFvXAxFVN5YaHjfsSjegyi8G88ALw5LrGx8pjBkTuPIXcIcd6K6kUrkVYQz2wAlzoiLO9BuIPGc5SU6IxLQmQKLlBep1mYbx/tN3PrQbjWmm8a8BMatZru11W7pWryqW5vwU4NVr9bh2ajWgK5p1QbsavVqsznV0LWsyVkX8bk/usGImFQqI55V3Ei+I7zIQMKjV5bPGPFsyITont7PJLCq6NHixHmJ/4z6H/Ofr7kTTcuZptqJojy3P+P 2i9zRjDsqcucz7rzIXRIgRfKXpk85Sb4wmw6NY64MeOWlOuZRCskMkjdQp5tCne4NdJBBBxkkwnSOnIyVCG9gfx72i+2ZJO7P8wN46024jMa9933DpBeOp+h3j3BOJm+LOTTJoeDmQuJq3J5W40zZGRYQBQtuFgKfMFxVevFiuu2c1Krwhupf65XtT+mltYpeoJfoNdJRA22jL+gQdZGFfqCf6Bf6XXpTOiidlM6moctLac4zlLMS+QsDWcgH</latexit>
j′x
<latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXbdpbT U5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iYnckWUTokFyxD ricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSa x7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcbJF+ayfvdE6C4ceaVPRJxCagqpO6j VTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyljh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXbdpbT U5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iYnckWUTokFyxD ricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSa x7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcbJF+ayfvdE6C4ceaVPRJxCagqpO6j VTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyljh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXbdpbT U5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iYnckWUTokFyxD ricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSa x7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcbJF+ayfvdE6C4ceaVPRJxCagqpO6j VTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyljh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXbdpbT U5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iYnckWUTokFyxD ricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSa x7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcbJF+ayfvdE6C4ceaVPRJxCagqpO6j VTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyljh619nPb/d</latexit>j′y
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, (85)
where s(µ) denotes the sign of µ and the dashed lines indicate the radial links of the other nodes where the constraint
has not acted. Notice that we have not used the recoupling theory at the nodes since, in the expectation value of the
Hamiltonian constraint, the intertwiners of the states will get reabsorbed in the normalization of the vertices [see Eq.
(76)].
The complete action of the operator given in Eq. (83) can now be deduced from Eq. (84) with the following
consideration. The loop operator in the ij plane, being made of iD and jD reduced states, will introduce the 2-valent
intertwiners projected in the ij direction and a coupling of the spins. The expression Rgˆ−1sk [
Rgˆsk ,
RVˆ (v)] will now just
introduce a 3-valent intertwiner oriented along ijk and a coefficient
√
jijj(jk + 1/2)−
√
jijj(jk − 1/2). The resulting
expression is given by the sum over cyclic permutations of the second line of Eq. (85).
B. Lorentzian term
As anticipated above, we are going to quantize the Lorentzian term of the Hamiltonian constraint starting from its
classical expression in terms of the Ricci scalar as it appears in Eq. (31). In fact, by replacing the spin connection
components in terms of the fluxes and their first and second derivatives, as follows from solving the torsion-free
condition, we obtain the Lorentzian term in the form given in Eq. (40). In the final operator only the reduced fluxes
and their derivatives appear. In the HR construction that was outlined in Sec. IVD, we saw how the reduced fluxes
have a representation which is diagonal on the reduced spin network states. The spatial derivatives of the reduced
fluxes REi(Sb(x)) can be quantized in terms of discrete differences of reduced flux operators acting on neighboring
links. More precisely, for first and second order derivatives we have, respectively,
∂a
REˆi(S
b(v)) ≡ REˆi(Sb(v + a))− REˆi(Sb(v)) , (86)
∂2a
REˆi(S
b(v)) ≡ REˆi(Sb(v + 2a))− 2REˆi(Sb(v + a)) + REˆi(Sb(v)) , (87)
where v denotes the node whose departing links are dual to the surfaces Sb where the fluxes are smeared and
v+ a (v+ 2a) are the neighboring (next to the neighboring) nodes in the direction a, taking into account the spatial
manifold orientation.
In this way, the lengthy expression in Eq. (40) can be quantized in a straightforward manner, without having to rely
on Thiemann’s regularization techniques [105] for the Lorentzian term expressed in terms of the extrinsic curvature.
We will use the quantization scheme given in Eqs. (86) and (87) to compute the expectation value of the Lorentzian
Hamiltonian operator in Sec. VIIB below (as well as for the extension term of the Euclidean part in Sec. VIIA). See
Appendix C for an alternative quantization scheme for the 3D Ricci scalar.
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VI. SEMICLASSICAL STATES
The construction of semiclassical states in HR follows the prescription outlined in [86], which is in turn based on
the definition introduced in [113]. 11 The key ingredient is the heat kernel of the Laplace operator for each edge ` of
the graph acting on the δ-function of the SU(2) group element g` associated to the link. Explicitly
Kλ(g`, g) = e
−λ2 ∆g` δ(g`, g)
=
∑
j`
(2j` + 1)e
−λ2 j`(j`+1)χj`(g
−1
` g) , (88)
with λ being a positive real number controlling the fluctuations of the state and χj` the SU(2) character in the
irreducible representation j`. Here we are introducing the convention that the index ` indicates both the tangent
coordinate and the associated internal direction, namely ` ∈ {(r, z), (θ, x), (ϕ, y)}. Coherent semiclassical states are
then obtained by analytic continuation from g ∈ SU(2) to G ∈ SL(2,C), namely
ψλG(g`) = Kλ(g`, G) , (89)
where the complexifier G reads
G = g exp
Å
i
λ
κγ
Ei(S
`)τ i
ã
, (90)
and Ei(S`) is the flux across the surface dual to the link ` of area δ2` in the fiducial metric.
Therefore, using the classical expressions for the fluxes and connection components found in the previous sections,
the semiclassical states for the three directions of the cellular decomposition read [see Appendix B for more details
on the derivation]
ψλG(gr) =
∞∑
jz=0
∑
m¯z,n¯z
(2jz + 1)e
−λ2 jz(jz+1)Djzm¯zn¯z (g
−1
r )D
jz
n¯zm¯z (e
rArτ3ei
λδ2r
κγ E
r sin θτ3)
=
∞∑
jz=0
∑
m¯z
(2jz + 1)e
−λ2 jz(jz+1)eλm¯z
δ2rE
r sin θ
κγ Djzn¯zm¯z (e
rArτ3)Djzm¯zn¯z (g
−1
r ) , (91)
ψλG(gθ) =
∞∑
jx=0
∑
m¯x,n¯x
(2jx + 1)e
−λ2 jx(jx+1)xDjxm¯xn¯x(g
−1
θ )
xDjxn¯xm¯x
Å
eθ(A1τ1+A2τ2)ei
λδ2
θ
κγ (E
1τ1+E
2τ2) sin θ
ã
=
∞∑
jx=0
∑
m¯x,n¯x
(2jx + 1)e
−λ2 jx(jx+1)eλm¯x
δ2
θ
Ex
κγ xDjxn¯xm¯x
Ä
eθ(A1τ1+A2τ2)
ä
xDjxm¯xn¯x(g
−1
θ ) , (92)
ψλG(gϕ) =
∞∑
jy=0
∑
m¯y,n¯y
(2jy + 1)e
−λ2 jy(jy+1)yDjym¯yn¯y (g
−1
ϕ )
yD
jy
n¯ym¯y
Å
eϕ((A1τ2−A2τ1) sin θ)ei
λδ2ϕ
κγ (E
1τ2−E2τ1)
ã
=
∞∑
jy=0
∑
m¯y,n¯y
(2jy + 1)e
−λ2 jy(jy+1)eλm¯y
δ2ϕE
y
κγ yD
jy
n¯ym¯y
Ä
eϕ((A1τ2−A2τ1) sin θ)
ä
yD
jy
m¯yn¯y (g
−1
ϕ ) , (93)
where we have used the property
χj`(g
−1
` G) =
`Dj`m¯`m¯`(g
−1
` G) =
j∑`
n=−j`
`Dj`m¯`n(g
−1
` )
`Dj`nm¯`(G) =
`Dj`m¯`n¯`(g
−1
` )
`Dj`n¯`m¯`(G) , (94)
and the following relations that we derived in Appendix B,
Ex = (E1 cos α˜+ E2 sin α˜) sin θ = ΛR sin θ , (95)
Ey = E1 cos α˜+ E2 sin α˜ = ΛR . (96)
11 See also [114] for a previous attempt to investigate singularity resolution through the use of LQG coherent states for a Schwarzschild
spacetime.
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Notice that in the coherent state associated with the ϕ-direction we have not included the A3ϕ = cos θ component of
the connection since this does not enter the reduced phase space (it is conjugate to a flux component that we have
gauge fixed) and thus it is not part of the reduced Hilbert space HR either. Its contribution to the spherical Euclidean
Hamiltonian constraint given in Eq. (34) is encoded in the extra terms that appear in Eq. (24), as already pointed
out above.
We can see from Eq. (98) that for jx, jy, jz  1 the coefficients ψλG(j`) in the coherent states become Gaussian
weights for the fluxes peaked around the semiclassical values j˜` = δ2` j
0
` , with j
0
` given by
j0x =
ΛR sin θ
κγ
=
√
gRRgϕϕ
κγ
=
Eθ1
κγ cos α˜
=
Eθ2
κγ sin α˜
=
1
κγ
(
Eθ1 cos α˜+ E
θ
2 sin α˜
)
, (97a)
j0y =
ΛR
κγ
=
√
gRRgθθ
κγ
= − E
ϕ
1
κγ sin α˜
=
Eϕ2
κγ cos α˜
=
1
κγ
(−Eϕ1 sin α˜+ Eϕ2 cos α˜) , (97b)
j0z =
R2 sin θ
κγ
=
gϕϕ
κγ sin θ
=
Er3
κγ
, (97c)
and δ2x = rϕ, δ2y = rθ, δ2z = θϕ.
Let us write the quantum reduced coherent states in the compact notation
ψλG(g`) =
∞∑
j`=0
∑
m¯`,n¯`=±j`
(2j` + 1)(ψ
λ
G)
j`
n¯`m¯`
`Dj`m¯`n¯`(g
−1
` ) , (98)
with the matrix coefficients (ψλG)
j`
n¯`m¯` explicitly given by Eqs. (91), (92), and (93).
Finally, we can define the normalized quantum reduced coherent states as›ψλG(g`) = ψλG(g`)|ψλG(g`)| , (99)
where
|ψλG(g`)| =
Ã
∞∑
j`=0
∑
m¯`,n¯`=±j`
|(ψλG)j`n¯`m¯` |2 . (100)
Let us conclude this section by defining the coherent state associated to the reduced spin network state used in Eq.
(85) to compute the action of the reduced Euclidean Hamiltonian constraint on it. By including also the faces in the
(r, θ)-plane and (r, ϕ)-plane, the reduced spin network state reads
|vR〉 =
jz
g'
jy
jy
jz
jx
g✓
jx
j′y
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j′′z
<latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbd pbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilENdFhV7o WQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qCY+4uA1yA4 XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn8pelTjZMvzGa D3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9CahN5ZSnOeo4wVPv8FZ HXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbd pbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilENdFhV7o WQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qCY+4uA1yA4 XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn8pelTjZMvzGa D3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9CahN5ZSnOeo4wVPv8FZ HXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbd pbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilENdFhV7o WQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qCY+4uA1yA4 XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn8pelTjZMvzGa D3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9CahN5ZSnOeo4wVPv8FZ HXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbd pbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilENdFhV7o WQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qCY+4uA1yA4 XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn8pelTjZMvzGa D3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9CahN5ZSnOeo4wVPv8FZ HXAEA==</latexit>
ux
u 1x
uy
u 1y
u 1x
u 1x
ux
ux uy
uy
u 1y
u 1y
u 1x
u 1x
ux
ux
uy
u 1y
u 1y
uy
j′y
<latexit sha1_base64="vtqdDUgCDA2ncqBi04gh9DpKU/c=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXiokq6jnVRVg6EJCe 3Cum7T2mpyHHcNTZxguxuVlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57JcCQoa9PQD8WFQyTzPc7aylM+u4gEI4Hjs3NnuGf48xsmpBfyUzWOWC8g19zre5QoA317czW+WitZZSsxfN+xU6eEUju+Wl+57bohHQWMK+oTKTu2Fa meJkJ51GdxsTuSLCJ0SK5ZB1xOAiZ7OhEb401AXNwPBSyucILOZ2gSSDkOHIgMiBrIPGfAhZxPFPsBmZn++oC3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhQ48yfABReN/MAC8OS6zY/cRgyIKZyH0SeP5Yt 2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSax7qx3cRmv40b75uN2mRTmy+BcaPebOw0G7ZlVnlnG34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK89wc/GhCHKd01szJCsorwIoMSnN3SMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM99+JJO8fRe3Gc5Q5n3GGe O5lxJ3nucsZd5rkbAqRM/tL0qcbJF+ayfvdU6C4ceaVPRZxCagqpO6jVTqFW+w46mkJHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYWer13XYtcc1+86JEGT8Lp/DkhwGbibEdBPupJsItDvFIqJhwc1C4BOGq8rOX0z3nbNKGU6o/bVa2v2YXlqr6BV6jd4iG9XQLvqM jlEbUTRAP9Ev9LuwUdgp7BbS2OWlNGcDZazw5S9sZ7/e</latexit><latexit sha1_base64="vtqdDUgCDA2ncqBi04gh9DpKU/c=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXiokq6jnVRVg6EJCe 3Cum7T2mpyHHcNTZxguxuVlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57JcCQoa9PQD8WFQyTzPc7aylM+u4gEI4Hjs3NnuGf48xsmpBfyUzWOWC8g19zre5QoA317czW+WitZZSsxfN+xU6eEUju+Wl+57bohHQWMK+oTKTu2Fa meJkJ51GdxsTuSLCJ0SK5ZB1xOAiZ7OhEb401AXNwPBSyucILOZ2gSSDkOHIgMiBrIPGfAhZxPFPsBmZn++oC3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhQ48yfABReN/MAC8OS6zY/cRgyIKZyH0SeP5Yt 2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSax7qx3cRmv40b75uN2mRTmy+BcaPebOw0G7ZlVnlnG34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK89wc/GhCHKd01szJCsorwIoMSnN3SMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM99+JJO8fRe3Gc5Q5n3GGe O5lxJ3nucsZd5rkbAqRM/tL0qcbJF+ayfvdU6C4ceaVPRZxCagqpO6jVTqFW+w46mkJHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYWer13XYtcc1+86JEGT8Lp/DkhwGbibEdBPupJsItDvFIqJhwc1C4BOGq8rOX0z3nbNKGU6o/bVa2v2YXlqr6BV6jd4iG9XQLvqM jlEbUTRAP9Ev9LuwUdgp7BbS2OWlNGcDZazw5S9sZ7/e</latexit><latexit sha1_base64="vtqdDUgCDA2ncqBi04gh9DpKU/c=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXiokq6jnVRVg6EJCe 3Cum7T2mpyHHcNTZxguxuVlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57JcCQoa9PQD8WFQyTzPc7aylM+u4gEI4Hjs3NnuGf48xsmpBfyUzWOWC8g19zre5QoA317czW+WitZZSsxfN+xU6eEUju+Wl+57bohHQWMK+oTKTu2Fa meJkJ51GdxsTuSLCJ0SK5ZB1xOAiZ7OhEb401AXNwPBSyucILOZ2gSSDkOHIgMiBrIPGfAhZxPFPsBmZn++oC3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhQ48yfABReN/MAC8OS6zY/cRgyIKZyH0SeP5Yt 2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSax7qx3cRmv40b75uN2mRTmy+BcaPebOw0G7ZlVnlnG34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK89wc/GhCHKd01szJCsorwIoMSnN3SMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM99+JJO8fRe3Gc5Q5n3GGe O5lxJ3nucsZd5rkbAqRM/tL0qcbJF+ayfvdU6C4ceaVPRZxCagqpO6jVTqFW+w46mkJHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYWer13XYtcc1+86JEGT8Lp/DkhwGbibEdBPupJsItDvFIqJhwc1C4BOGq8rOX0z3nbNKGU6o/bVa2v2YXlqr6BV6jd4iG9XQLvqM jlEbUTRAP9Ev9LuwUdgp7BbS2OWlNGcDZazw5S9sZ7/e</latexit><latexit sha1_base64="vtqdDUgCDA2ncqBi04gh9DpKU/c=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXiokq6jnVRVg6EJCe 3Cum7T2mpyHHcNTZxguxuVlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57JcCQoa9PQD8WFQyTzPc7aylM+u4gEI4Hjs3NnuGf48xsmpBfyUzWOWC8g19zre5QoA317czW+WitZZSsxfN+xU6eEUju+Wl+57bohHQWMK+oTKTu2Fa meJkJ51GdxsTuSLCJ0SK5ZB1xOAiZ7OhEb401AXNwPBSyucILOZ2gSSDkOHIgMiBrIPGfAhZxPFPsBmZn++oC3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhQ48yfABReN/MAC8OS6zY/cRgyIKZyH0SeP5Yt 2OdlNcxntomVBIB8XEL5EYKz1m2RGtAIjarEMSax7qx3cRmv40b75uN2mRTmy+BcaPebOw0G7ZlVnlnG34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK89wc/GhCHKd01szJCsorwIoMSnN3SMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM99+JJO8fRe3Gc5Q5n3GGe O5lxJ3nucsZd5rkbAqRM/tL0qcbJF+ayfvdU6C4ceaVPRZxCagqpO6jVTqFW+w46mkJHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYWer13XYtcc1+86JEGT8Lp/DkhwGbibEdBPupJsItDvFIqJhwc1C4BOGq8rOX0z3nbNKGU6o/bVa2v2YXlqr6BV6jd4iG9XQLvqM jlEbUTRAP9Ev9LuwUdgp7BbS2OWlNGcDZazw5S9sZ7/e</latexit>
. (101)
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The associated normalized quantum reduced coherent state is then given by
|›ψλ〉 = ∏
`=x,y,z
∞∑
j`,j′`,j
′′
`
=0
∑
m¯`,n¯`=±j`
∑
m¯′
`
,n¯′
`
=±j′
`
∑
m¯′′
`
,n¯′′
`
=±j′′
`
∗˜<latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=">AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6 rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdgUuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJH ZEr1gOXE5/Jvk4UR3gDEAcPAgGLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQn ZrIIfaR7p1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kUIKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcOSVPhFRCq kMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrSb8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9LRX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=">AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6 rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdgUuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJH ZEr1gOXE5/Jvk4UR3gDEAcPAgGLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQn ZrIIfaR7p1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kUIKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcOSVPhFRCq kMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrSb8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9LRX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=">AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6 rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdgUuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJH ZEr1gOXE5/Jvk4UR3gDEAcPAgGLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQn ZrIIfaR7p1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kUIKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcOSVPhFRCq kMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrSb8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9LRX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=">AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6 rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdgUuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJH ZEr1gOXE5/Jvk4UR3gDEAcPAgGLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQn ZrIIfaR7p1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kUIKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcOSVPhFRCq kMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrSb8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9LRX2H3wjc=</latexit>
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<latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXb dpbTU5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iY nckWUTokFyxDricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL 5EYKz1m2RGtAIjarEMSax7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcb JF+ayfvdE6C4ceaVPRJxCagqpO6jVTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyl jh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXb dpbTU5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iY nckWUTokFyxDricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL 5EYKz1m2RGtAIjarEMSax7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcb JF+ayfvdE6C4ceaVPRJxCagqpO6jVTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyl jh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXb dpbTU5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iY nckWUTokFyxDricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL 5EYKz1m2RGtAIjarEMSax7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcb JF+ayfvdE6C4ceaVPRJxCagqpO6jVTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyl jh619nPb/d</latexit><latexit sha1_base64="w2i5+uZg63eMTjvFwA2LNthvFTE=">AAAFkXicfVRbb9MwFPbGCqPcNvbIi0U1gXioktLRTqqqwdCEhHZhXb dpbTU5jruGJk6w3W2Vlb/AK/w1/g3Habo2WeFITo+/71y+nDp2It+TyrL+LC0/WCk8fLT6uPjk6bPnL9bWX57KcCQoa9PQD8W5QyTzPc7aylM+O48EI4HjszNnuGv4s2smpBfyEzWOWC8gV9zre5QoA31/c3l7uVayylZi+L5jp04JpXZ0ub5y03VDOgoYV9QnUnZsK1I9TYTyqM/iY nckWUTokFyxDricBEz2dCI2xpuAuLgfClhc4QSdz9AkkHIcOBAZEDWQec6ACzmfKHYLmZn+ep+3oFjo51Spfr2nPR6NFON0Iqo/8rEKsZkSdj3BqPLH4BAqPHgvTAdEEKpglpn6rjSvke1ptAnZl3Fxc6HhA48yvA9ReM/MAC8OS6zY/cxgyIKZyD0SeP5Yt2OdlNcxntomVBIB8XEL 5EYKz1m2RGtAIjarEMSax7qx1cRmv4UbH5qN2mRTmy+BcaPebGw3G7ZlVnl7C34qsKrlKjxr5QrQFatcg12lWq7XJzVsaypypsK890c/GhCHKd01szJCsorwIoMSnN3QMAgIdyETojt2b1oC65IdL06cL/GfUf9j/vM9d+NJO8fRu3Gc5Q5m3EGeO55xx3nuYsZd5LlrAqRM/tL0qcb JF+ayfvdE6C4ceaVPRJxCagqpO6jVTqFW+w46nEKHU0iO0jkKMtRydAeH83CYl+cQo4+HEZx6B66dYed9r+uwK49r9oMTIcj4XT6HJTkM3EyI6SbcSTcRaHeKRUTDgpuFwCcMV5Wdv5juO6eVMpxQ+1u1tPMpvbRW0Sv0Gr1FNqqhHfQFHaE2omiAfqJf6Hdho7Bd2CmksctLac4Gyl jh619nPb/d</latexit>
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<latexit sha1_base64="kNueTi7shTouowpXSP6Z20Zevz4=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbdpTTU5jruGJk6w3W2 Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LN27v1x48HDlUfHxk6fPnq+uvTiRwUhQ1qGBF4gzm0jmuZx1lKs8dhYKRnzbY6f2sBXzp1dMSDfgx2ocsp5PLrnbdylRAHW+b2xc3FysloyykRi+65ipU0KpHV6sLV9bTkBHPuOKekTKrmmEqqeJUC71WFS0RpKFhA7JJeuCy4nPZE8naiO8DoiD+4GAxRVO0PkMTXwpx74N kT5RA5nnYnAh5xHFbiAz01/v8TYUC7ycKtWv97TLw5FinE5E9UceVgGOx4QdVzCqvDE4hAoX3gvTARGEKhhmpr4j49fI9oy1CdmXUXF9oeF9lzK8B1F4N54BXhyWWNH6zGDIgsWRu8R3vbHuRDopryM8tXWoJHzi4TbIDRWes2yJ9oCEbFbBjzSPdGOzieP9Jm58aDZqk01tvgTGjXqzsdVsmEa8ylub8FOBVS1X4VkrV4CuGOUa7 CrVcr0+qWEaU5EzFfF773jhgNhMaSueVSwkqwgvMijB2TUNfJ9wBzIhumv2piWwLpnR4sT5Ev8Z9T/mP9+zFU3a2bZuRVGW259x+3nuaMYd5bnzGXee564IkDL5S9OnGidfmMP61rHQFhx5pY9FlEJqCqlbqN1JoXbnFjqYQgdTSI7SOQoy1HJ0CwfzcJCXZ5NYHw9COPU23DvD7vueZbNLl2v2gxMhyPhdPoclOQzcTEjcTTiTbs LXzhQLiYYFNwuBTxiuKjN/Md11TiplOKHmt2pp+1N6aa2g1+gNeotMVEPb6As6RB1EkYt+ol/od+FV4WNhp9CahN5bSnNeoowVvv4FWiHADg==</latexit><latexit sha1_base64="kNueTi7shTouowpXSP6Z20Zevz4=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbdpTTU5jruGJk6w3W2 Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LN27v1x48HDlUfHxk6fPnq+uvTiRwUhQ1qGBF4gzm0jmuZx1lKs8dhYKRnzbY6f2sBXzp1dMSDfgx2ocsp5PLrnbdylRAHW+b2xc3FysloyykRi+65ipU0KpHV6sLV9bTkBHPuOKekTKrmmEqqeJUC71WFS0RpKFhA7JJeuCy4nPZE8naiO8DoiD+4GAxRVO0PkMTXwpx74N kT5RA5nnYnAh5xHFbiAz01/v8TYUC7ycKtWv97TLw5FinE5E9UceVgGOx4QdVzCqvDE4hAoX3gvTARGEKhhmpr4j49fI9oy1CdmXUXF9oeF9lzK8B1F4N54BXhyWWNH6zGDIgsWRu8R3vbHuRDopryM8tXWoJHzi4TbIDRWes2yJ9oCEbFbBjzSPdGOzieP9Jm58aDZqk01tvgTGjXqzsdVsmEa8ylub8FOBVS1X4VkrV4CuGOUa7 CrVcr0+qWEaU5EzFfF773jhgNhMaSueVSwkqwgvMijB2TUNfJ9wBzIhumv2piWwLpnR4sT5Ev8Z9T/mP9+zFU3a2bZuRVGW259x+3nuaMYd5bnzGXee564IkDL5S9OnGidfmMP61rHQFhx5pY9FlEJqCqlbqN1JoXbnFjqYQgdTSI7SOQoy1HJ0CwfzcJCXZ5NYHw9COPU23DvD7vueZbNLl2v2gxMhyPhdPoclOQzcTEjcTTiTbs LXzhQLiYYFNwuBTxiuKjN/Md11TiplOKHmt2pp+1N6aa2g1+gNeotMVEPb6As6RB1EkYt+ol/od+FV4WNhp9CahN5bSnNeoowVvv4FWiHADg==</latexit><latexit sha1_base64="kNueTi7shTouowpXSP6Z20Zevz4=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbdpTTU5jruGJk6w3W2 Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LN27v1x48HDlUfHxk6fPnq+uvTiRwUhQ1qGBF4gzm0jmuZx1lKs8dhYKRnzbY6f2sBXzp1dMSDfgx2ocsp5PLrnbdylRAHW+b2xc3FysloyykRi+65ipU0KpHV6sLV9bTkBHPuOKekTKrmmEqqeJUC71WFS0RpKFhA7JJeuCy4nPZE8naiO8DoiD+4GAxRVO0PkMTXwpx74N kT5RA5nnYnAh5xHFbiAz01/v8TYUC7ycKtWv97TLw5FinE5E9UceVgGOx4QdVzCqvDE4hAoX3gvTARGEKhhmpr4j49fI9oy1CdmXUXF9oeF9lzK8B1F4N54BXhyWWNH6zGDIgsWRu8R3vbHuRDopryM8tXWoJHzi4TbIDRWes2yJ9oCEbFbBjzSPdGOzieP9Jm58aDZqk01tvgTGjXqzsdVsmEa8ylub8FOBVS1X4VkrV4CuGOUa7 CrVcr0+qWEaU5EzFfF773jhgNhMaSueVSwkqwgvMijB2TUNfJ9wBzIhumv2piWwLpnR4sT5Ev8Z9T/mP9+zFU3a2bZuRVGW259x+3nuaMYd5bnzGXee564IkDL5S9OnGidfmMP61rHQFhx5pY9FlEJqCqlbqN1JoXbnFjqYQgdTSI7SOQoy1HJ0CwfzcJCXZ5NYHw9COPU23DvD7vueZbNLl2v2gxMhyPhdPoclOQzcTEjcTTiTbs LXzhQLiYYFNwuBTxiuKjN/Md11TiplOKHmt2pp+1N6aa2g1+gNeotMVEPb6As6RB1EkYt+ol/od+FV4WNhp9CahN5bSnNeoowVvv4FWiHADg==</latexit><latexit sha1_base64="kNueTi7shTouowpXSP6Z20Zevz4=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhXbdpTTU5jruGJk6w3W2 Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LN27v1x48HDlUfHxk6fPnq+uvTiRwUhQ1qGBF4gzm0jmuZx1lKs8dhYKRnzbY6f2sBXzp1dMSDfgx2ocsp5PLrnbdylRAHW+b2xc3FysloyykRi+65ipU0KpHV6sLV9bTkBHPuOKekTKrmmEqqeJUC71WFS0RpKFhA7JJeuCy4nPZE8naiO8DoiD+4GAxRVO0PkMTXwpx74N kT5RA5nnYnAh5xHFbiAz01/v8TYUC7ycKtWv97TLw5FinE5E9UceVgGOx4QdVzCqvDE4hAoX3gvTARGEKhhmpr4j49fI9oy1CdmXUXF9oeF9lzK8B1F4N54BXhyWWNH6zGDIgsWRu8R3vbHuRDopryM8tXWoJHzi4TbIDRWes2yJ9oCEbFbBjzSPdGOzieP9Jm58aDZqk01tvgTGjXqzsdVsmEa8ylub8FOBVS1X4VkrV4CuGOUa7 CrVcr0+qWEaU5EzFfF773jhgNhMaSueVSwkqwgvMijB2TUNfJ9wBzIhumv2piWwLpnR4sT5Ev8Z9T/mP9+zFU3a2bZuRVGW259x+3nuaMYd5bnzGXee564IkDL5S9OnGidfmMP61rHQFhx5pY9FlEJqCqlbqN1JoXbnFjqYQgdTSI7SOQoy1HJ0CwfzcJCXZ5NYHw9COPU23DvD7vueZbNLl2v2gxMhyPhdPoclOQzcTEjcTTiTbs LXzhQLiYYFNwuBTxiuKjN/Md11TiplOKHmt2pp+1N6aa2g1+gNeotMVEPb6As6RB1EkYt+ol/od+FV4WNhp9CahN5bSnNeoowVvv4FWiHADg==</latexit>
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<latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7TmmpyHHcNTZxguxu Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuIz2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9D pE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVxPF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINd pVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1OocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+ FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7TmmpyHHcNTZxguxu Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuIz2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9D pE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVxPF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINd pVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1OocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+ FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7TmmpyHHcNTZxguxu Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuIz2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9D pE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVxPF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINd pVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1OocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+ FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7TmmpyHHcNTZxguxu Vld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuIz2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9D pE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVxPF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINd pVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1OocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+ FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit>
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j′′y
<latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7Tmmpy HHcNTZxguxuVld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuI z2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9DpE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVx PF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINdpVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1O ocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7Tmmpy HHcNTZxguxuVld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuI z2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9DpE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVx PF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINdpVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1O ocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7Tmmpy HHcNTZxguxuVld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuI z2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9DpE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVx PF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINdpVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1O ocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit><latexit sha1_base64="Fch9y2Vdnx2joJjokCxNTGc3Kgc=">AAAFknicfVRbb9MwFPbGCqPcNuCNF4tqGuKhSkpHO1RVG0UTD+zCum7Tmmpy HHcNTZxguxuVld/AK/w0/g0nabo2WeFITo+/71y+nDq2Q8+VyjD+LC3fWyncf7D6sPjo8ZOnz9bWn5/KYCQo69DAC8S5TSTzXM46ylUeOw8FI77tsTN72Ir5s2smpBvwEzUOWc8nV9ztu5QogDrfNjcvx5drJaNsJIbvOmbqlFBqR5frKzeWE9CRz7iiHpGyaxqh6mkilEs9FhWtkWQhoUNyxbrgcuI z2dOJ2ghvAOLgfiBgcYUTdD5DE1/KsW9DpE/UQOa5GFzIeUSxH5CZ6a/3eRuKBV5OlerXe9rl4UgxTiei+iMPqwDHY8KOKxhV3hgcQoUL74XpgAhCFQwzU9+R8Wtke8bahOzLqLix0PCBSxnehyi8F88ALw5LrGh9YjBkweLIPeK73lh3Ip2U1xGe2gZUEj7xcBvkhgrPWbZEe0BCNqvgR5pHurHVx PF+CzfeNxu1yaY2XwLjRr3Z2G42TCNe5e0t+KnAqpar8KyVK0BXjHINdpVquV6f1DCNqciZivi9d71wQGymtBXPKhaSVYQXGZTg7IYGvk+4A5kQ3TV70xJYl8xoceJ8if+M+h/zn+/ZiibtbFu3oijLHcy4gzx3POOO89zFjLvIc9cESJn8pelTjZMvzGF960RoC4680iciSiE1hdQt1O6kULtzCx1O ocMpJEfpHAUZajm6hYN5OMjLs0msjwchnHob7p1h913PstmVyzX7zokQZPw2n8OSHAZuJiTuJpxJN+FrZ4qFRMOCm4XAJwxXlZm/mO46p5UynFDza7W08zG9tFbRK/QavUEmqqEd9BkdoQ6iyEU/0S/0u/Cy8KGwW2hNQpeX0pwXKGOFL38BX0vADw==</latexit>
j′′z
<latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhX bdpbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilEN dFhV7oWQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qC Y+4uA1yA4XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn 8pelTjZMvzGaD3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9Cah N5ZSnOeo4wVPv8FZHXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhX bdpbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilEN dFhV7oWQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qC Y+4uA1yA4XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn 8pelTjZMvzGaD3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9Cah N5ZSnOeo4wVPv8FZHXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhX bdpbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilEN dFhV7oWQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qC Y+4uA1yA4XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn 8pelTjZMvzGaD3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9Cah N5ZSnOeo4wVPv8FZHXAEA==</latexit><latexit sha1_base64="LKoLyMjDb04oNkdyraI+pl50bJM=">AAAFknicfVRbb9MwFPZghVFuG/DGi0U1DfFQJaWjHaqqjaKJB3ZhX bdpbTU5jruGJk6wnY1i5TfwCj+Nf8NJmq5NVjiS0+PvO5cvp46twHWkMow/S3fuLhfu3V95UHz46PGTp6trz06kHwrKOtR3fXFmEclch7OOcpTLzgLBiGe57NQatWL+9IoJ6fj8WI0D1vfIJXcGDiUKoM7XjY2LHxerJaNsJIZvO2bqlFBqhxdry9c926ehx7iiLpGyaxqB6msilEN dFhV7oWQBoSNyybrgcuIx2deJ2givA2LjgS9gcYUTdD5DE0/KsWdBpEfUUOa5GFzIuUSx75CZ6a/3eBuK+W5OlRrU+9rhQagYpxNRg9DFysfxmLDtCEaVOwaHUOHAe2E6JIJQBcPM1Ldl/BrZnrE2IQcyKq4vNLzvUIb3IArvxjPAi8MSK/Y+MhiyYHHkLvEcd6w7kU7K6whPbR0qC Y+4uA1yA4XnLFuiPSQBm1XwIs0j3dhs4ni/iRvvmo3aZFObL4Fxo95sbDUbphGv8tYm/FRgVctVeNbKFaArRrkGu0q1XK9PapjGVORMRfzeO24wJBZTuhfPKhaSVYQXGZTg7Jr6nke4DZkQ3TX70xJYl8xoceJ8if+M+h/zn+/ZiibtLEu3oijL7c+4/Tx3NOOO8tz5jDvPc1cESJn 8pelTjZMvzGaD3rHQPTjySh+LKIXUFFI3ULuTQu3ODXQwhQ6mkAzTOQoy0jK8gf152M/Ls0isj/sBnHoL7p1R922/Z7FLh2v2jRMhyPhNPoclOQzcTEjcTdiTbsLT9hQLiIYFNwuBTxiuKjN/Md12TiplOKHml2pp+0N6aa2gl+gVeo1MVEPb6BM6RB1EkYN+ol/od+FF4X1hp9Cah N5ZSnOeo4wVPv8FZHXAEA==</latexit>
(￿  Gr)jzn¯zm¯z
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<latexit sha1_base64="KAYh3YOojtpkwDJvZAW+tN9GAOw=">AAAF2HicfVRLb9NAEN6WBkp4tXDksiKqWjhEdkhJKkVRoajAoQ+apq0ap9Ha3jQm6w e7m7bRyhI3xJU/wq/hwAX+CmPHaWI3MNLas983rx2vxwyYI6Sm/Zqbv7WQu31n8W7+3v0HDx8tLT8+Ev6AW7Rp+cznJyYRlDkebUpHMnoScEpck9Fjs78V8ccXlAvH9w7lMKBtl5x7TtexiASos/Rhzbh0bCodZlNlBMI5Mxh426Sj3q2udgzZo5KE4fMz9Qm2V2FHYcMkHHvRbqS6MYE7SwWtqMWCbyp6ohRQIvud5Y VLw/atgUs9aTEiREvXAtlWhEvHYjTMGwNBA2L1yTltgeoRl4q2is8c4hVAbNz1OSxP4hid9lDEFWLommDpEtkTWS4CZ3KMSHoFnqn8asdrQDCfZaqS3WpbOV4wkNSzRkV1BwxLH0fNxrbDqSXZEBRicQfOha0e4cSS8ElS8W0RHSOdM6qNi64I8yszBe86FsU7YIW3ox7g2Wax5I23FJrMaWS5TVyHDVUzVHF4FeKxr EAk7hKGG1BuIPGUpEM0eiSgkwhuqLxQ1dbrONqv49qreq0y2lSmQ2Bcq9ZrG/WarkWruLEOrxKscrEMz0qxBHRJK1ZgVyoXq9VRDF0bFzmpIjr3axb0iEmlMqJeRYWkK8KzBEJ49NLyXZd4NniCdUtvj0NgVdDD2Y7TIf7T6n/0fzrnVjhKZ5pqKwzT3O6E281yBxPuIMudTrjTLHdBgBTxJ02echj/YTbtGodcGXDlp TrkYQLJMSSvoUYzgRrNa2hvDO2NITFI+shJX4nBNexPw362PJNE9Xl+ALfehOnVb71sGyY9dzxFP3uEczJ8kfWhsQ8FNWUSZeP2KBt3lT3GAgLTLZosBH5hGFV6djDdVI5KRbih+sdyYfNNMrQW0VP0DK0hHVXQJnqP9lETWegH+ol+oz+509yX3Nfct5Hp/Fzi8wSlJPf9L0Sg21s=</latexit><latexit sha1_base64="KAYh3YOojtpkwDJvZAW+tN9GAOw=">AAAF2HicfVRLb9NAEN6WBkp4tXDksiKqWjhEdkhJKkVRoajAoQ+apq0ap9Ha3jQm6w e7m7bRyhI3xJU/wq/hwAX+CmPHaWI3MNLas983rx2vxwyYI6Sm/Zqbv7WQu31n8W7+3v0HDx8tLT8+Ev6AW7Rp+cznJyYRlDkebUpHMnoScEpck9Fjs78V8ccXlAvH9w7lMKBtl5x7TtexiASos/Rhzbh0bCodZlNlBMI5Mxh426Sj3q2udgzZo5KE4fMz9Qm2V2FHYcMkHHvRbqS6MYE7SwWtqMWCbyp6ohRQIvud5Y VLw/atgUs9aTEiREvXAtlWhEvHYjTMGwNBA2L1yTltgeoRl4q2is8c4hVAbNz1OSxP4hid9lDEFWLommDpEtkTWS4CZ3KMSHoFnqn8asdrQDCfZaqS3WpbOV4wkNSzRkV1BwxLH0fNxrbDqSXZEBRicQfOha0e4cSS8ElS8W0RHSOdM6qNi64I8yszBe86FsU7YIW3ox7g2Wax5I23FJrMaWS5TVyHDVUzVHF4FeKxr EAk7hKGG1BuIPGUpEM0eiSgkwhuqLxQ1dbrONqv49qreq0y2lSmQ2Bcq9ZrG/WarkWruLEOrxKscrEMz0qxBHRJK1ZgVyoXq9VRDF0bFzmpIjr3axb0iEmlMqJeRYWkK8KzBEJ49NLyXZd4NniCdUtvj0NgVdDD2Y7TIf7T6n/0fzrnVjhKZ5pqKwzT3O6E281yBxPuIMudTrjTLHdBgBTxJ02echj/YTbtGodcGXDlp TrkYQLJMSSvoUYzgRrNa2hvDO2NITFI+shJX4nBNexPw362PJNE9Xl+ALfehOnVb71sGyY9dzxFP3uEczJ8kfWhsQ8FNWUSZeP2KBt3lT3GAgLTLZosBH5hGFV6djDdVI5KRbih+sdyYfNNMrQW0VP0DK0hHVXQJnqP9lETWegH+ol+oz+509yX3Nfct5Hp/Fzi8wSlJPf9L0Sg21s=</latexit><latexit sha1_base64="KAYh3YOojtpkwDJvZAW+tN9GAOw=">AAAF2HicfVRLb9NAEN6WBkp4tXDksiKqWjhEdkhJKkVRoajAoQ+apq0ap9Ha3jQm6w e7m7bRyhI3xJU/wq/hwAX+CmPHaWI3MNLas983rx2vxwyYI6Sm/Zqbv7WQu31n8W7+3v0HDx8tLT8+Ev6AW7Rp+cznJyYRlDkebUpHMnoScEpck9Fjs78V8ccXlAvH9w7lMKBtl5x7TtexiASos/Rhzbh0bCodZlNlBMI5Mxh426Sj3q2udgzZo5KE4fMz9Qm2V2FHYcMkHHvRbqS6MYE7SwWtqMWCbyp6ohRQIvud5Y VLw/atgUs9aTEiREvXAtlWhEvHYjTMGwNBA2L1yTltgeoRl4q2is8c4hVAbNz1OSxP4hid9lDEFWLommDpEtkTWS4CZ3KMSHoFnqn8asdrQDCfZaqS3WpbOV4wkNSzRkV1BwxLH0fNxrbDqSXZEBRicQfOha0e4cSS8ElS8W0RHSOdM6qNi64I8yszBe86FsU7YIW3ox7g2Wax5I23FJrMaWS5TVyHDVUzVHF4FeKxr EAk7hKGG1BuIPGUpEM0eiSgkwhuqLxQ1dbrONqv49qreq0y2lSmQ2Bcq9ZrG/WarkWruLEOrxKscrEMz0qxBHRJK1ZgVyoXq9VRDF0bFzmpIjr3axb0iEmlMqJeRYWkK8KzBEJ49NLyXZd4NniCdUtvj0NgVdDD2Y7TIf7T6n/0fzrnVjhKZ5pqKwzT3O6E281yBxPuIMudTrjTLHdBgBTxJ02echj/YTbtGodcGXDlp TrkYQLJMSSvoUYzgRrNa2hvDO2NITFI+shJX4nBNexPw362PJNE9Xl+ALfehOnVb71sGyY9dzxFP3uEczJ8kfWhsQ8FNWUSZeP2KBt3lT3GAgLTLZosBH5hGFV6djDdVI5KRbih+sdyYfNNMrQW0VP0DK0hHVXQJnqP9lETWegH+ol+oz+509yX3Nfct5Hp/Fzi8wSlJPf9L0Sg21s=</latexit><latexit sha1_base64="KAYh3YOojtpkwDJvZAW+tN9GAOw=">AAAF2HicfVRLb9NAEN6WBkp4tXDksiKqWjhEdkhJKkVRoajAoQ+apq0ap9Ha3jQm6w e7m7bRyhI3xJU/wq/hwAX+CmPHaWI3MNLas983rx2vxwyYI6Sm/Zqbv7WQu31n8W7+3v0HDx8tLT8+Ev6AW7Rp+cznJyYRlDkebUpHMnoScEpck9Fjs78V8ccXlAvH9w7lMKBtl5x7TtexiASos/Rhzbh0bCodZlNlBMI5Mxh426Sj3q2udgzZo5KE4fMz9Qm2V2FHYcMkHHvRbqS6MYE7SwWtqMWCbyp6ohRQIvud5Y VLw/atgUs9aTEiREvXAtlWhEvHYjTMGwNBA2L1yTltgeoRl4q2is8c4hVAbNz1OSxP4hid9lDEFWLommDpEtkTWS4CZ3KMSHoFnqn8asdrQDCfZaqS3WpbOV4wkNSzRkV1BwxLH0fNxrbDqSXZEBRicQfOha0e4cSS8ElS8W0RHSOdM6qNi64I8yszBe86FsU7YIW3ox7g2Wax5I23FJrMaWS5TVyHDVUzVHF4FeKxr EAk7hKGG1BuIPGUpEM0eiSgkwhuqLxQ1dbrONqv49qreq0y2lSmQ2Bcq9ZrG/WarkWruLEOrxKscrEMz0qxBHRJK1ZgVyoXq9VRDF0bFzmpIjr3axb0iEmlMqJeRYWkK8KzBEJ49NLyXZd4NniCdUtvj0NgVdDD2Y7TIf7T6n/0fzrnVjhKZ5pqKwzT3O6E281yBxPuIMudTrjTLHdBgBTxJ02echj/YTbtGodcGXDlp TrkYQLJMSSvoUYzgRrNa2hvDO2NITFI+shJX4nBNexPw362PJNE9Xl+ALfehOnVb71sGyY9dzxFP3uEczJ8kfWhsQ8FNWUSZeP2KBt3lT3GAgLTLZosBH5hGFV6djDdVI5KRbih+sdyYfNNMrQW0VP0DK0hHVXQJnqP9lETWegH+ol+oz+509yX3Nfct5Hp/Fzi8wSlJPf9L0Sg21s=</latexit>
(￿  G′
✓
)j′xn¯′xm¯′x
<latexit sha1_base64="78Z+1DQSfOfKOFVM2R2Xda18jS4=">AAAF1HicfVRbU9NAFA5IFesN9NGXHTsM6EMnqcWWmU4HRdEXLlIKDE3pbJItjU02cXcLdNY 8Ob76R/w1Pqp/xrNpSptQPTObnP2+c9uTzbFCz+VC13/Nzd9ayN2+s3g3f+/+g4ePlpYfH/FgwGzStAMvYCcW5sRzKWkKV3jkJGQE+5ZHjq3+luKPLwjjbkAPxTAkbR+fU7fr2lgA1Fl6t2Zeug4RrucQaYbcPTM98HZwR75f7ZiiRwSOoudn8tNq5yrqSGRamCEKm5HmKxh1lgp6UY8F3VSMRCloiex3lhcuTSewBz6hwvYw5y1D D0VbYiZc2yNR3hxwEmK7j89JC1SKfcLbMj5vhFYAcVA3YLCoQDE67SGxz/nQt8DSx6LHs5wCZ3IeFuQKPFP55Q5tQLDAy1QlutW2dGk4EITao6K6Aw+JAKlGI8dlxBbeEBRsMxfOheweZtgW8DlS8R2ujpHOqWpjvMuj/MpMQbuuTdAOWKFt1QM02yyWvPmWQJMZUZbb2He9oWxGMg4vIzSWFYjEfOyhBpQbCjQl6RCNHg7JJIIfS RrJ2nodqf06qr2q1yqjTWU6BEK1ar22Ua8ZulrFjXV4lWCVi2V4VooloEt6sQK7UrlYrY5iGPq4yEkV6tyvvbCHLSKkqXqlCklXhGYJhKDk0g58H1MHPMG6ZbTHIZAsGNFsx+kQ/2n1P/o/nXMrGqWzLLkVRWlud8LtZrmDCXeQ5U4n3GmWu8BA8viTJk8xjP8wh3TNQyZNuPJCHrIogcQYEtdQo5lAjeY1tDeG9sYQHyR9ZLgv+e AaDqbhIFuehVV9NAjh1lswufqtl23TIuculeQzxYzh4YusD4l9CKgpE5WNOaNszJfOGAsxTDY1WTD8wjCqjOxguqkclYpwQ42P5cLmm2RoLWpPtWfammZoFW1T+6Dta03N1n5oP7Xf2p/cUe5L7mvu28h0fi7xeaKlJPf9LyRm2pc=</latexit><latexit sha1_base64="78Z+1DQSfOfKOFVM2R2Xda18jS4=">AAAF1HicfVRbU9NAFA5IFesN9NGXHTsM6EMnqcWWmU4HRdEXLlIKDE3pbJItjU02cXcLdNY 8Ob76R/w1Pqp/xrNpSptQPTObnP2+c9uTzbFCz+VC13/Nzd9ayN2+s3g3f+/+g4ePlpYfH/FgwGzStAMvYCcW5sRzKWkKV3jkJGQE+5ZHjq3+luKPLwjjbkAPxTAkbR+fU7fr2lgA1Fl6t2Zeug4RrucQaYbcPTM98HZwR75f7ZiiRwSOoudn8tNq5yrqSGRamCEKm5HmKxh1lgp6UY8F3VSMRCloiex3lhcuTSewBz6hwvYw5y1D D0VbYiZc2yNR3hxwEmK7j89JC1SKfcLbMj5vhFYAcVA3YLCoQDE67SGxz/nQt8DSx6LHs5wCZ3IeFuQKPFP55Q5tQLDAy1QlutW2dGk4EITao6K6Aw+JAKlGI8dlxBbeEBRsMxfOheweZtgW8DlS8R2ujpHOqWpjvMuj/MpMQbuuTdAOWKFt1QM02yyWvPmWQJMZUZbb2He9oWxGMg4vIzSWFYjEfOyhBpQbCjQl6RCNHg7JJIIfS RrJ2nodqf06qr2q1yqjTWU6BEK1ar22Ua8ZulrFjXV4lWCVi2V4VooloEt6sQK7UrlYrY5iGPq4yEkV6tyvvbCHLSKkqXqlCklXhGYJhKDk0g58H1MHPMG6ZbTHIZAsGNFsx+kQ/2n1P/o/nXMrGqWzLLkVRWlud8LtZrmDCXeQ5U4n3GmWu8BA8viTJk8xjP8wh3TNQyZNuPJCHrIogcQYEtdQo5lAjeY1tDeG9sYQHyR9ZLgv+e AaDqbhIFuehVV9NAjh1lswufqtl23TIuculeQzxYzh4YusD4l9CKgpE5WNOaNszJfOGAsxTDY1WTD8wjCqjOxguqkclYpwQ42P5cLmm2RoLWpPtWfammZoFW1T+6Dta03N1n5oP7Xf2p/cUe5L7mvu28h0fi7xeaKlJPf9LyRm2pc=</latexit><latexit sha1_base64="78Z+1DQSfOfKOFVM2R2Xda18jS4=">AAAF1HicfVRbU9NAFA5IFesN9NGXHTsM6EMnqcWWmU4HRdEXLlIKDE3pbJItjU02cXcLdNY 8Ob76R/w1Pqp/xrNpSptQPTObnP2+c9uTzbFCz+VC13/Nzd9ayN2+s3g3f+/+g4ePlpYfH/FgwGzStAMvYCcW5sRzKWkKV3jkJGQE+5ZHjq3+luKPLwjjbkAPxTAkbR+fU7fr2lgA1Fl6t2Zeug4RrucQaYbcPTM98HZwR75f7ZiiRwSOoudn8tNq5yrqSGRamCEKm5HmKxh1lgp6UY8F3VSMRCloiex3lhcuTSewBz6hwvYw5y1D D0VbYiZc2yNR3hxwEmK7j89JC1SKfcLbMj5vhFYAcVA3YLCoQDE67SGxz/nQt8DSx6LHs5wCZ3IeFuQKPFP55Q5tQLDAy1QlutW2dGk4EITao6K6Aw+JAKlGI8dlxBbeEBRsMxfOheweZtgW8DlS8R2ujpHOqWpjvMuj/MpMQbuuTdAOWKFt1QM02yyWvPmWQJMZUZbb2He9oWxGMg4vIzSWFYjEfOyhBpQbCjQl6RCNHg7JJIIfS RrJ2nodqf06qr2q1yqjTWU6BEK1ar22Ua8ZulrFjXV4lWCVi2V4VooloEt6sQK7UrlYrY5iGPq4yEkV6tyvvbCHLSKkqXqlCklXhGYJhKDk0g58H1MHPMG6ZbTHIZAsGNFsx+kQ/2n1P/o/nXMrGqWzLLkVRWlud8LtZrmDCXeQ5U4n3GmWu8BA8viTJk8xjP8wh3TNQyZNuPJCHrIogcQYEtdQo5lAjeY1tDeG9sYQHyR9ZLgv+e AaDqbhIFuehVV9NAjh1lswufqtl23TIuculeQzxYzh4YusD4l9CKgpE5WNOaNszJfOGAsxTDY1WTD8wjCqjOxguqkclYpwQ42P5cLmm2RoLWpPtWfammZoFW1T+6Dta03N1n5oP7Xf2p/cUe5L7mvu28h0fi7xeaKlJPf9LyRm2pc=</latexit><latexit sha1_base64="78Z+1DQSfOfKOFVM2R2Xda18jS4=">AAAF1HicfVRbU9NAFA5IFesN9NGXHTsM6EMnqcWWmU4HRdEXLlIKDE3pbJItjU02cXcLdNY 8Ob76R/w1Pqp/xrNpSptQPTObnP2+c9uTzbFCz+VC13/Nzd9ayN2+s3g3f+/+g4ePlpYfH/FgwGzStAMvYCcW5sRzKWkKV3jkJGQE+5ZHjq3+luKPLwjjbkAPxTAkbR+fU7fr2lgA1Fl6t2Zeug4RrucQaYbcPTM98HZwR75f7ZiiRwSOoudn8tNq5yrqSGRamCEKm5HmKxh1lgp6UY8F3VSMRCloiex3lhcuTSewBz6hwvYw5y1D D0VbYiZc2yNR3hxwEmK7j89JC1SKfcLbMj5vhFYAcVA3YLCoQDE67SGxz/nQt8DSx6LHs5wCZ3IeFuQKPFP55Q5tQLDAy1QlutW2dGk4EITao6K6Aw+JAKlGI8dlxBbeEBRsMxfOheweZtgW8DlS8R2ujpHOqWpjvMuj/MpMQbuuTdAOWKFt1QM02yyWvPmWQJMZUZbb2He9oWxGMg4vIzSWFYjEfOyhBpQbCjQl6RCNHg7JJIIfS RrJ2nodqf06qr2q1yqjTWU6BEK1ar22Ua8ZulrFjXV4lWCVi2V4VooloEt6sQK7UrlYrY5iGPq4yEkV6tyvvbCHLSKkqXqlCklXhGYJhKDk0g58H1MHPMG6ZbTHIZAsGNFsx+kQ/2n1P/o/nXMrGqWzLLkVRWlud8LtZrmDCXeQ5U4n3GmWu8BA8viTJk8xjP8wh3TNQyZNuPJCHrIogcQYEtdQo5lAjeY1tDeG9sYQHyR9ZLgv+e AaDqbhIFuehVV9NAjh1lswufqtl23TIuculeQzxYzh4YusD4l9CKgpE5WNOaNszJfOGAsxTDY1WTD8wjCqjOxguqkclYpwQ42P5cLmm2RoLWpPtWfammZoFW1T+6Dta03N1n5oP7Xf2p/cUe5L7mvu28h0fi7xeaKlJPf9LyRm2pc=</latexit>
(￿  G✓)jxn¯xm¯x
<latexit sha1_base64="CrlHiZ7GH6RSwbxooiN8Srk4N/w=">AAAF0HicfVRbb9MwFPZghVFuGzzyYlFNGjxUSeloJ1XVxtDgZRfWdZvWdJGTuKtpbtjutsq KEK/8EX4NryD+DSdpujZZ4UhOjr/v3HziHCt0mZCa9mfhzt3Fwr37Sw+KDx89fvJ0eeXZsQiG3KZtO3ADfmoRQV3m07Zk0qWnIafEs1x6Yg22Y/7kknLBAv9IjkLa9ciFz3rMJhIgc3lrzbhiDpXMdagyQsHODRe8HWKqD6Yh+1SSKHp1rj6b15GpsGERjn3zeqx4AGJzuaSVtUTwbUVPlRJK5cBcWbwynMAeetSXtkuE6OhaKLuK cMlsl0ZFYyhoSOwBuaAdUH3iUdFVyVkjvAqIg3sBh+VLnKCzHop4Qow8Cyw9Ivsiz8XgXM4lkl6DZya/2vVbECxwc1XJXr2rmB8OJfXtcVG9oYtlgOMmY4dxakt3BAqxOYNzYbtPOLElfIpMfEfEx8jmjGvjoiei4upcwXvMpngXrPBO3AM83yyRovGeQpM5jS13iMfckWpHKgmvIjyRVYjEPeLiFpQbSjwj2RCtPgnpNIIXKT9Sj fUmjvfruPG22aiNN7XZEBg36s3GRrOha/Eqb6zDqwKrWq7Cs1auAF3RyjXYVarlen0cQ9cmRU6riM+95YZ9YlGpjLhXcSHZivA8gRA+vbIDzyO+A55g3dG7kxBYlfRovuNsiP+0+h/9n825HY3TWZbajqIstzfl9vLc4ZQ7zHNnU+4sz10SIEXySdOnHCV/mEN7xhFXBlx5qY54lEJyAskbqNVOoVb7BtqfQPsTSAzTPnIyUGJ4Aw ezcJAvzyJxfX4Qwq23YGoNOm+6hkUvmK/oF59wTkav8z408aGgZkzibNwZZ+OeciZYSGCqxZOFwC8Mo0rPD6bbynGlDDdU/1Qtbb5Lh9YSeoFeojWkoxraRB/RAWojG/1AP9Ev9LtwWLgufC18G5veWUh9nqOMFL7/BQa82dM=</latexit><latexit sha1_base64="CrlHiZ7GH6RSwbxooiN8Srk4N/w=">AAAF0HicfVRbb9MwFPZghVFuGzzyYlFNGjxUSeloJ1XVxtDgZRfWdZvWdJGTuKtpbtjutsq KEK/8EX4NryD+DSdpujZZ4UhOjr/v3HziHCt0mZCa9mfhzt3Fwr37Sw+KDx89fvJ0eeXZsQiG3KZtO3ADfmoRQV3m07Zk0qWnIafEs1x6Yg22Y/7kknLBAv9IjkLa9ciFz3rMJhIgc3lrzbhiDpXMdagyQsHODRe8HWKqD6Yh+1SSKHp1rj6b15GpsGERjn3zeqx4AGJzuaSVtUTwbUVPlRJK5cBcWbwynMAeetSXtkuE6OhaKLuK cMlsl0ZFYyhoSOwBuaAdUH3iUdFVyVkjvAqIg3sBh+VLnKCzHop4Qow8Cyw9Ivsiz8XgXM4lkl6DZya/2vVbECxwc1XJXr2rmB8OJfXtcVG9oYtlgOMmY4dxakt3BAqxOYNzYbtPOLElfIpMfEfEx8jmjGvjoiei4upcwXvMpngXrPBO3AM83yyRovGeQpM5jS13iMfckWpHKgmvIjyRVYjEPeLiFpQbSjwj2RCtPgnpNIIXKT9Sj fUmjvfruPG22aiNN7XZEBg36s3GRrOha/Eqb6zDqwKrWq7Cs1auAF3RyjXYVarlen0cQ9cmRU6riM+95YZ9YlGpjLhXcSHZivA8gRA+vbIDzyO+A55g3dG7kxBYlfRovuNsiP+0+h/9n825HY3TWZbajqIstzfl9vLc4ZQ7zHNnU+4sz10SIEXySdOnHCV/mEN7xhFXBlx5qY54lEJyAskbqNVOoVb7BtqfQPsTSAzTPnIyUGJ4Aw ezcJAvzyJxfX4Qwq23YGoNOm+6hkUvmK/oF59wTkav8z408aGgZkzibNwZZ+OeciZYSGCqxZOFwC8Mo0rPD6bbynGlDDdU/1Qtbb5Lh9YSeoFeojWkoxraRB/RAWojG/1AP9Ev9LtwWLgufC18G5veWUh9nqOMFL7/BQa82dM=</latexit><latexit sha1_base64="CrlHiZ7GH6RSwbxooiN8Srk4N/w=">AAAF0HicfVRbb9MwFPZghVFuGzzyYlFNGjxUSeloJ1XVxtDgZRfWdZvWdJGTuKtpbtjutsq KEK/8EX4NryD+DSdpujZZ4UhOjr/v3HziHCt0mZCa9mfhzt3Fwr37Sw+KDx89fvJ0eeXZsQiG3KZtO3ADfmoRQV3m07Zk0qWnIafEs1x6Yg22Y/7kknLBAv9IjkLa9ciFz3rMJhIgc3lrzbhiDpXMdagyQsHODRe8HWKqD6Yh+1SSKHp1rj6b15GpsGERjn3zeqx4AGJzuaSVtUTwbUVPlRJK5cBcWbwynMAeetSXtkuE6OhaKLuK cMlsl0ZFYyhoSOwBuaAdUH3iUdFVyVkjvAqIg3sBh+VLnKCzHop4Qow8Cyw9Ivsiz8XgXM4lkl6DZya/2vVbECxwc1XJXr2rmB8OJfXtcVG9oYtlgOMmY4dxakt3BAqxOYNzYbtPOLElfIpMfEfEx8jmjGvjoiei4upcwXvMpngXrPBO3AM83yyRovGeQpM5jS13iMfckWpHKgmvIjyRVYjEPeLiFpQbSjwj2RCtPgnpNIIXKT9Sj fUmjvfruPG22aiNN7XZEBg36s3GRrOha/Eqb6zDqwKrWq7Cs1auAF3RyjXYVarlen0cQ9cmRU6riM+95YZ9YlGpjLhXcSHZivA8gRA+vbIDzyO+A55g3dG7kxBYlfRovuNsiP+0+h/9n825HY3TWZbajqIstzfl9vLc4ZQ7zHNnU+4sz10SIEXySdOnHCV/mEN7xhFXBlx5qY54lEJyAskbqNVOoVb7BtqfQPsTSAzTPnIyUGJ4Aw ezcJAvzyJxfX4Qwq23YGoNOm+6hkUvmK/oF59wTkav8z408aGgZkzibNwZZ+OeciZYSGCqxZOFwC8Mo0rPD6bbynGlDDdU/1Qtbb5Lh9YSeoFeojWkoxraRB/RAWojG/1AP9Ev9LtwWLgufC18G5veWUh9nqOMFL7/BQa82dM=</latexit><latexit sha1_base64="CrlHiZ7GH6RSwbxooiN8Srk4N/w=">AAAF0HicfVRbb9MwFPZghVFuGzzyYlFNGjxUSeloJ1XVxtDgZRfWdZvWdJGTuKtpbtjutsq KEK/8EX4NryD+DSdpujZZ4UhOjr/v3HziHCt0mZCa9mfhzt3Fwr37Sw+KDx89fvJ0eeXZsQiG3KZtO3ADfmoRQV3m07Zk0qWnIafEs1x6Yg22Y/7kknLBAv9IjkLa9ciFz3rMJhIgc3lrzbhiDpXMdagyQsHODRe8HWKqD6Yh+1SSKHp1rj6b15GpsGERjn3zeqx4AGJzuaSVtUTwbUVPlRJK5cBcWbwynMAeetSXtkuE6OhaKLuK cMlsl0ZFYyhoSOwBuaAdUH3iUdFVyVkjvAqIg3sBh+VLnKCzHop4Qow8Cyw9Ivsiz8XgXM4lkl6DZya/2vVbECxwc1XJXr2rmB8OJfXtcVG9oYtlgOMmY4dxakt3BAqxOYNzYbtPOLElfIpMfEfEx8jmjGvjoiei4upcwXvMpngXrPBO3AM83yyRovGeQpM5jS13iMfckWpHKgmvIjyRVYjEPeLiFpQbSjwj2RCtPgnpNIIXKT9Sj fUmjvfruPG22aiNN7XZEBg36s3GRrOha/Eqb6zDqwKrWq7Cs1auAF3RyjXYVarlen0cQ9cmRU6riM+95YZ9YlGpjLhXcSHZivA8gRA+vbIDzyO+A55g3dG7kxBYlfRovuNsiP+0+h/9n825HY3TWZbajqIstzfl9vLc4ZQ7zHNnU+4sz10SIEXySdOnHCV/mEN7xhFXBlx5qY54lEJyAskbqNVOoVb7BtqfQPsTSAzTPnIyUGJ4Aw ezcJAvzyJxfX4Qwq23YGoNOm+6hkUvmK/oF59wTkav8z408aGgZkzibNwZZ+OeciZYSGCqxZOFwC8Mo0rPD6bbynGlDDdU/1Qtbb5Lh9YSeoFeojWkoxraRB/RAWojG/1AP9Ev9LtwWLgufC18G5veWUh9nqOMFL7/BQa82dM=</latexit>
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<latexit sha1_base64="AM86TKVne5r4rIPLsQrsqt1lpt0=">AAAF0XicfVRbb9MwFM7GCqPcNnjkxaKaNHiomtLRTqqqsaHByy6s6zat6SIncVfTxAm 2uxFZkRCv/BF+Da/Av+EkTdcmKxzJyfH3nZtPnGMFLhWyUvmzsHhnqXD33vL94oOHjx4/WVl9eiL8EbdJx/Zdn59ZWBCXMtKRVLrkLOAEe5ZLTq3hTsyfXhEuqM+OZRiQnocvGe1TG0uAzJXtdeOaOkRS1yHKCAS9MFzwdrCp3pvGFebBgEbRywv1yQwjUyHDwhwxMxwrHoDIXClVypVE0G1FT5WSlsqhubp0bTi+PfII k7aLhejqlUD2FOaS2i6JisZIkADbQ3xJuqAy7BHRU8lhI7QGiIP6PofFJErQWQ+FPSFCzwJLD8uByHMxOJdzsSRfwDOTX+2xNgTz3VxVst/oKcqCkSTMHhfVH7lI+ijuMnIoJ7Z0Q1CwzSmcC9kDzLEt4Vtk4jsiPkY2Z1wbF30RFdfmCtqnNkF7YIV24x6g+WaJFI13BJrMSWy5iz3qhqoTqSS8itBE1iAS97CL2lBuI NGMZEO0Bzgg0whepFikmhstFO83UPNNq1kfb+qzIRBqNlrNzVZTr8SrvLkBryqsWrkGz3q5CnS1Uq7DrlorNxrjGHplUuS0ivjcb91ggC0ilRH3Ki4kWxGaJxCCkWvb9zzMHPAE667em4RAqqRH8x1nQ/yn1f/o/2zOnWiczrLUThRluf0pt5/njqbcUZ47n3Lnee4KAymST5o+ZZj8YQ7pG8dcGXDlpTrmUQrJCSRvoH YnhdqdG+hgAh1MIDFK+8jxUInRDezPwn6+PAvH9TE/gFtvwdgadl/3DItcUqbIZ4Y5x+GrvA9JfAioGZM4G3fG2binnAkWYBhr8WTB8AvDqNLzg+m2clItww3VP9ZKW9vp0FrWnmsvtHVN1+ralvZBO9Q6mq390H5qv7TfhXYhLHwtfBubLi6kPs+0jBS+/wWyPNpU</latexit><latexit sha1_base64="AM86TKVne5r4rIPLsQrsqt1lpt0=">AAAF0XicfVRbb9MwFM7GCqPcNnjkxaKaNHiomtLRTqqqsaHByy6s6zat6SIncVfTxAm 2uxFZkRCv/BF+Da/Av+EkTdcmKxzJyfH3nZtPnGMFLhWyUvmzsHhnqXD33vL94oOHjx4/WVl9eiL8EbdJx/Zdn59ZWBCXMtKRVLrkLOAEe5ZLTq3hTsyfXhEuqM+OZRiQnocvGe1TG0uAzJXtdeOaOkRS1yHKCAS9MFzwdrCp3pvGFebBgEbRywv1yQwjUyHDwhwxMxwrHoDIXClVypVE0G1FT5WSlsqhubp0bTi+PfII k7aLhejqlUD2FOaS2i6JisZIkADbQ3xJuqAy7BHRU8lhI7QGiIP6PofFJErQWQ+FPSFCzwJLD8uByHMxOJdzsSRfwDOTX+2xNgTz3VxVst/oKcqCkSTMHhfVH7lI+ijuMnIoJ7Z0Q1CwzSmcC9kDzLEt4Vtk4jsiPkY2Z1wbF30RFdfmCtqnNkF7YIV24x6g+WaJFI13BJrMSWy5iz3qhqoTqSS8itBE1iAS97CL2lBuI NGMZEO0Bzgg0whepFikmhstFO83UPNNq1kfb+qzIRBqNlrNzVZTr8SrvLkBryqsWrkGz3q5CnS1Uq7DrlorNxrjGHplUuS0ivjcb91ggC0ilRH3Ki4kWxGaJxCCkWvb9zzMHPAE667em4RAqqRH8x1nQ/yn1f/o/2zOnWiczrLUThRluf0pt5/njqbcUZ47n3Lnee4KAymST5o+ZZj8YQ7pG8dcGXDlpTrmUQrJCSRvoH YnhdqdG+hgAh1MIDFK+8jxUInRDezPwn6+PAvH9TE/gFtvwdgadl/3DItcUqbIZ4Y5x+GrvA9JfAioGZM4G3fG2binnAkWYBhr8WTB8AvDqNLzg+m2clItww3VP9ZKW9vp0FrWnmsvtHVN1+ralvZBO9Q6mq390H5qv7TfhXYhLHwtfBubLi6kPs+0jBS+/wWyPNpU</latexit><latexit sha1_base64="AM86TKVne5r4rIPLsQrsqt1lpt0=">AAAF0XicfVRbb9MwFM7GCqPcNnjkxaKaNHiomtLRTqqqsaHByy6s6zat6SIncVfTxAm 2uxFZkRCv/BF+Da/Av+EkTdcmKxzJyfH3nZtPnGMFLhWyUvmzsHhnqXD33vL94oOHjx4/WVl9eiL8EbdJx/Zdn59ZWBCXMtKRVLrkLOAEe5ZLTq3hTsyfXhEuqM+OZRiQnocvGe1TG0uAzJXtdeOaOkRS1yHKCAS9MFzwdrCp3pvGFebBgEbRywv1yQwjUyHDwhwxMxwrHoDIXClVypVE0G1FT5WSlsqhubp0bTi+PfII k7aLhejqlUD2FOaS2i6JisZIkADbQ3xJuqAy7BHRU8lhI7QGiIP6PofFJErQWQ+FPSFCzwJLD8uByHMxOJdzsSRfwDOTX+2xNgTz3VxVst/oKcqCkSTMHhfVH7lI+ijuMnIoJ7Z0Q1CwzSmcC9kDzLEt4Vtk4jsiPkY2Z1wbF30RFdfmCtqnNkF7YIV24x6g+WaJFI13BJrMSWy5iz3qhqoTqSS8itBE1iAS97CL2lBuI NGMZEO0Bzgg0whepFikmhstFO83UPNNq1kfb+qzIRBqNlrNzVZTr8SrvLkBryqsWrkGz3q5CnS1Uq7DrlorNxrjGHplUuS0ivjcb91ggC0ilRH3Ki4kWxGaJxCCkWvb9zzMHPAE667em4RAqqRH8x1nQ/yn1f/o/2zOnWiczrLUThRluf0pt5/njqbcUZ47n3Lnee4KAymST5o+ZZj8YQ7pG8dcGXDlpTrmUQrJCSRvoH YnhdqdG+hgAh1MIDFK+8jxUInRDezPwn6+PAvH9TE/gFtvwdgadl/3DItcUqbIZ4Y5x+GrvA9JfAioGZM4G3fG2binnAkWYBhr8WTB8AvDqNLzg+m2clItww3VP9ZKW9vp0FrWnmsvtHVN1+ralvZBO9Q6mq390H5qv7TfhXYhLHwtfBubLi6kPs+0jBS+/wWyPNpU</latexit><latexit sha1_base64="AM86TKVne5r4rIPLsQrsqt1lpt0=">AAAF0XicfVRbb9MwFM7GCqPcNnjkxaKaNHiomtLRTqqqsaHByy6s6zat6SIncVfTxAm 2uxFZkRCv/BF+Da/Av+EkTdcmKxzJyfH3nZtPnGMFLhWyUvmzsHhnqXD33vL94oOHjx4/WVl9eiL8EbdJx/Zdn59ZWBCXMtKRVLrkLOAEe5ZLTq3hTsyfXhEuqM+OZRiQnocvGe1TG0uAzJXtdeOaOkRS1yHKCAS9MFzwdrCp3pvGFebBgEbRywv1yQwjUyHDwhwxMxwrHoDIXClVypVE0G1FT5WSlsqhubp0bTi+PfII k7aLhejqlUD2FOaS2i6JisZIkADbQ3xJuqAy7BHRU8lhI7QGiIP6PofFJErQWQ+FPSFCzwJLD8uByHMxOJdzsSRfwDOTX+2xNgTz3VxVst/oKcqCkSTMHhfVH7lI+ijuMnIoJ7Z0Q1CwzSmcC9kDzLEt4Vtk4jsiPkY2Z1wbF30RFdfmCtqnNkF7YIV24x6g+WaJFI13BJrMSWy5iz3qhqoTqSS8itBE1iAS97CL2lBuI NGMZEO0Bzgg0whepFikmhstFO83UPNNq1kfb+qzIRBqNlrNzVZTr8SrvLkBryqsWrkGz3q5CnS1Uq7DrlorNxrjGHplUuS0ivjcb91ggC0ilRH3Ki4kWxGaJxCCkWvb9zzMHPAE667em4RAqqRH8x1nQ/yn1f/o/2zOnWiczrLUThRluf0pt5/njqbcUZ47n3Lnee4KAymST5o+ZZj8YQ7pG8dcGXDlpTrmUQrJCSRvoH YnhdqdG+hgAh1MIDFK+8jxUInRDezPwn6+PAvH9TE/gFtvwdgadl/3DItcUqbIZ4Y5x+GrvA9JfAioGZM4G3fG2binnAkWYBhr8WTB8AvDqNLzg+m2clItww3VP9ZKW9vp0FrWnmsvtHVN1+ralvZBO9Q6mq390H5qv7TfhXYhLHwtfBubLi6kPs+0jBS+/wWyPNpU</latexit>
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<latexit sha1_base64="WDEJjZ+pzwTWVp0I7m7pcV7A/yc=">AAAF1HicfVRbb9MwFM7GCqPcNnjkxWKaGDxUTeloJ1XVYDB42YV13aY1XeUk7mqaOMF2NyqTJ8 Qrf4RfwyPwZzhO07XJCkdycvx95+YT59ihR4UsFn/Nzd9YyN28tXg7f+fuvfsPlpYfHolgwB3SdAIv4Cc2FsSjjDQllR45CTnBvu2RY7u/pfnjC8IFDdihHIak7eNzRrvUwRKgztLbNeuSukRSzyXKCgU9szzwdnFHvetYF5iHPRpFz87Ux6edYdRRyLIxRww2I83XMOosrRQLxVjQdcVMlBUjkf3O8sKl5QbOwCdMOh4WomUWQ9lWmEvqe CTKWwNBQuz08TlpgcqwT0RbxeeN0CogLuoGHBaTKEanPRT2hRj6Nlj6WPZEltPgTM7DknwGz1R+tcMaECzwMlXJbrWtKAsHkjBnVFR34CEZIN1o5FJOHOkNQcEOp3Au5PQwx46Ez5GK7wp9jHROXRsXXRHlV2cK2qUOQTtghbZ1D9Bss1jy1hsCTeZEW25jn3pD1YxUHF5FaCyrEIn72EMNKDeUaErSIRo9HJJJBD9SLFK19TrS+3VUe1mv VUabynQIhGrVem2jXjOLehU21uFVglUulOFZKZSALhULFdiVyoVqdRTDLI6LnFShz/3KC3vYJlJZule6kHRFaJZACEYuncD3MXPBE6xbZnscAqkVM5rtOB3iP63+R/+nc25Fo3S2rbaiKM3tTrjdLHcw4Q6y3OmEO81yFxhIEX/S5CmH8R/mkq51yJUFV16qQx4lkBxD8gpqNBOo0byC9sbQ3hgSg6SPHPeVGFzBwTQcZMuzsa6PBSHcehs mV7/1om3Z5JwyRT4xzDkePs/6kNiHgJoy0dm4O8rGfeWOsRDDZNOTBcMvDKPKzA6m68pRqQA31PxQXtl8nQytReOx8cRYM0yjYmwa7419o2k4xg/jp/Hb+JM7yn3Jfc19G5nOzyU+j4yU5L7/Bc3K2uc=</latexit><latexit sha1_base64="WDEJjZ+pzwTWVp0I7m7pcV7A/yc=">AAAF1HicfVRbb9MwFM7GCqPcNnjkxWKaGDxUTeloJ1XVYDB42YV13aY1XeUk7mqaOMF2NyqTJ8 Qrf4RfwyPwZzhO07XJCkdycvx95+YT59ihR4UsFn/Nzd9YyN28tXg7f+fuvfsPlpYfHolgwB3SdAIv4Cc2FsSjjDQllR45CTnBvu2RY7u/pfnjC8IFDdihHIak7eNzRrvUwRKgztLbNeuSukRSzyXKCgU9szzwdnFHvetYF5iHPRpFz87Ux6edYdRRyLIxRww2I83XMOosrRQLxVjQdcVMlBUjkf3O8sKl5QbOwCdMOh4WomUWQ9lWmEvqe CTKWwNBQuz08TlpgcqwT0RbxeeN0CogLuoGHBaTKEanPRT2hRj6Nlj6WPZEltPgTM7DknwGz1R+tcMaECzwMlXJbrWtKAsHkjBnVFR34CEZIN1o5FJOHOkNQcEOp3Au5PQwx46Ez5GK7wp9jHROXRsXXRHlV2cK2qUOQTtghbZ1D9Bss1jy1hsCTeZEW25jn3pD1YxUHF5FaCyrEIn72EMNKDeUaErSIRo9HJJJBD9SLFK19TrS+3VUe1mv VUabynQIhGrVem2jXjOLehU21uFVglUulOFZKZSALhULFdiVyoVqdRTDLI6LnFShz/3KC3vYJlJZule6kHRFaJZACEYuncD3MXPBE6xbZnscAqkVM5rtOB3iP63+R/+nc25Fo3S2rbaiKM3tTrjdLHcw4Q6y3OmEO81yFxhIEX/S5CmH8R/mkq51yJUFV16qQx4lkBxD8gpqNBOo0byC9sbQ3hgSg6SPHPeVGFzBwTQcZMuzsa6PBSHcehs mV7/1om3Z5JwyRT4xzDkePs/6kNiHgJoy0dm4O8rGfeWOsRDDZNOTBcMvDKPKzA6m68pRqQA31PxQXtl8nQytReOx8cRYM0yjYmwa7419o2k4xg/jp/Hb+JM7yn3Jfc19G5nOzyU+j4yU5L7/Bc3K2uc=</latexit><latexit sha1_base64="WDEJjZ+pzwTWVp0I7m7pcV7A/yc=">AAAF1HicfVRbb9MwFM7GCqPcNnjkxWKaGDxUTeloJ1XVYDB42YV13aY1XeUk7mqaOMF2NyqTJ8 Qrf4RfwyPwZzhO07XJCkdycvx95+YT59ihR4UsFn/Nzd9YyN28tXg7f+fuvfsPlpYfHolgwB3SdAIv4Cc2FsSjjDQllR45CTnBvu2RY7u/pfnjC8IFDdihHIak7eNzRrvUwRKgztLbNeuSukRSzyXKCgU9szzwdnFHvetYF5iHPRpFz87Ux6edYdRRyLIxRww2I83XMOosrRQLxVjQdcVMlBUjkf3O8sKl5QbOwCdMOh4WomUWQ9lWmEvqe CTKWwNBQuz08TlpgcqwT0RbxeeN0CogLuoGHBaTKEanPRT2hRj6Nlj6WPZEltPgTM7DknwGz1R+tcMaECzwMlXJbrWtKAsHkjBnVFR34CEZIN1o5FJOHOkNQcEOp3Au5PQwx46Ez5GK7wp9jHROXRsXXRHlV2cK2qUOQTtghbZ1D9Bss1jy1hsCTeZEW25jn3pD1YxUHF5FaCyrEIn72EMNKDeUaErSIRo9HJJJBD9SLFK19TrS+3VUe1mv VUabynQIhGrVem2jXjOLehU21uFVglUulOFZKZSALhULFdiVyoVqdRTDLI6LnFShz/3KC3vYJlJZule6kHRFaJZACEYuncD3MXPBE6xbZnscAqkVM5rtOB3iP63+R/+nc25Fo3S2rbaiKM3tTrjdLHcw4Q6y3OmEO81yFxhIEX/S5CmH8R/mkq51yJUFV16qQx4lkBxD8gpqNBOo0byC9sbQ3hgSg6SPHPeVGFzBwTQcZMuzsa6PBSHcehs mV7/1om3Z5JwyRT4xzDkePs/6kNiHgJoy0dm4O8rGfeWOsRDDZNOTBcMvDKPKzA6m68pRqQA31PxQXtl8nQytReOx8cRYM0yjYmwa7419o2k4xg/jp/Hb+JM7yn3Jfc19G5nOzyU+j4yU5L7/Bc3K2uc=</latexit><latexit sha1_base64="WDEJjZ+pzwTWVp0I7m7pcV7A/yc=">AAAF1HicfVRbb9MwFM7GCqPcNnjkxWKaGDxUTeloJ1XVYDB42YV13aY1XeUk7mqaOMF2NyqTJ8 Qrf4RfwyPwZzhO07XJCkdycvx95+YT59ihR4UsFn/Nzd9YyN28tXg7f+fuvfsPlpYfHolgwB3SdAIv4Cc2FsSjjDQllR45CTnBvu2RY7u/pfnjC8IFDdihHIak7eNzRrvUwRKgztLbNeuSukRSzyXKCgU9szzwdnFHvetYF5iHPRpFz87Ux6edYdRRyLIxRww2I83XMOosrRQLxVjQdcVMlBUjkf3O8sKl5QbOwCdMOh4WomUWQ9lWmEvqe CTKWwNBQuz08TlpgcqwT0RbxeeN0CogLuoGHBaTKEanPRT2hRj6Nlj6WPZEltPgTM7DknwGz1R+tcMaECzwMlXJbrWtKAsHkjBnVFR34CEZIN1o5FJOHOkNQcEOp3Au5PQwx46Ez5GK7wp9jHROXRsXXRHlV2cK2qUOQTtghbZ1D9Bss1jy1hsCTeZEW25jn3pD1YxUHF5FaCyrEIn72EMNKDeUaErSIRo9HJJJBD9SLFK19TrS+3VUe1mv VUabynQIhGrVem2jXjOLehU21uFVglUulOFZKZSALhULFdiVyoVqdRTDLI6LnFShz/3KC3vYJlJZule6kHRFaJZACEYuncD3MXPBE6xbZnscAqkVM5rtOB3iP63+R/+nc25Fo3S2rbaiKM3tTrjdLHcw4Q6y3OmEO81yFxhIEX/S5CmH8R/mkq51yJUFV16qQx4lkBxD8gpqNBOo0byC9sbQ3hgSg6SPHPeVGFzBwTQcZMuzsa6PBSHcehs mV7/1om3Z5JwyRT4xzDkePs/6kNiHgJoy0dm4O8rGfeWOsRDDZNOTBcMvDKPKzA6m68pRqQA31PxQXtl8nQytReOx8cRYM0yjYmwa7419o2k4xg/jp/Hb+JM7yn3Jfc19G5nOzyU+j4yU5L7/Bc3K2uc=</latexit>
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|v˜R〉 ,
(102)
where for each 3-valent vertex in the state defined in Eq. (101) we have used the norm given in Eq. (76) and we have
introduced the notation
jy
jz
jx ∗˜<latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=" >AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy 5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdg UuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJHZEr1gOXE5/Jvk4UR3gDEAcPAg GLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC 5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQnZrIIfaR7p 1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kU IKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcO SVPhFRCqkMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrS b8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9L RX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=" >AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy 5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdg UuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJHZEr1gOXE5/Jvk4UR3gDEAcPAg GLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC 5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQnZrIIfaR7p 1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kU IKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcO SVPhFRCqkMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrS b8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9L RX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=" >AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy 5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdg UuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJHZEr1gOXE5/Jvk4UR3gDEAcPAg GLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC 5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQnZrIIfaR7p 1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kU IKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcO SVPhFRCqkMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrS b8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9L RX2H3wjc=</latexit><latexit sha1_base64="gq4qhG4GO6GP0CHL9+3z49mQgY4=" >AAAFlnicfVRbb9MwFPbGCqPcNnhB4sWimoT2UCWlo51UVYPB4GUX1nUba6rJcdw1auIE292orPwKXuGH8W84SZO1yQpHcnr8fefy 5dSxHXquVIbxZ2n53krp/oPVh+VHj588fba2/vxUBmNBWZcGXiDObSKZ53LWVa7y2HkoGPFtj53Zo92YP7tmQroBP1GTkPV9csXdg UuJAuibpVzPYXozulyrGFUjMXzXMVOnglI7ulxfubGcgI59xhX1iJQ90whVXxOhXOqxqGyNJQsJHZEr1gOXE5/Jvk4UR3gDEAcPAg GLK5yg8xma+FJOfBsifaKGssjF4ELOI4r9gMxcf73PO1As8Aqq1KDZ1y4Px4pxOhU1GHtYBTgeFXZcwajyJuAQKlx4L0yHRBCqYKC 5+o6MXyPfM9Ym5EBG5Y2Fhg9cyvA+ROG9eAZ4cVhiZesjgyELFkfuEd/1Jrob6aS8jnBmG1BJ+MTDHZAbKjxn+RKdIQnZrIIfaR7p 1lYbx/st3HrXbjWmm8Z8CYxbzXZru90yjXhVt7fgpwarXq3Ds1GtAV0zqg3Y1erVZnNawzQykTMV8Xu/98IhsZnSVjyrWEheEV5kU IKzGxr4PuEOZEJ0z+xnJbCumNHixPkS/xn1P+Y/33M3mrazbb0bRXnuYMYdFLnjGXdc5C5m3EWRuyZAyuQvTZ9qknxhDhtYJ0JbcO SVPhFRCqkMUrdQp5tCne4tdJhBhxkkx+kcBRlpOb6Fg3k4KMqzSayPByGcehvunlHvbd+y2ZXLNfvOiRBkslnMYUkOAzcXEncTzrS b8LWTYSHRsOBmIfAJw1VlFi+mu85prQon1Pxar+x8SC+tVfQKvUZvkIkaaAd9QUeoiyjy0U/0C/0uvSy1S59Kn6ehy0tpzguUs9L RX2H3wjc=</latexit>ux uy =
Ñ
jy
jz
jx
ux uy
é∗ÕÑ
jy
jz
jx
nx ny
é∗
jy
jz
jx
nx ny
, (103)
in order to include the full normalization of the coherent state wave function.
VII. EFFECTIVE HAMILTONIAN
We are now ready to compute the expectation value of the reduced Hamiltonian constraint on the coherent state
that we define in Eq. (102) based on a single cuboidal cell of the spatial manifold triangulation by means of the action
given in Eq. (85) and its analogue on the other two orthogonal planes.
A. Euclidean term
Let us start with the Euclidean Hamiltonian constraint operator whose action on the basis of HR was computed in
Eq. (85) for one choice of tangent loop. For the other two possibilities it is straightforward to see that a similar result
holds, as already explained at the end of Sec. VA. If we now use this action to compute the expectation value on the
normalized coherent state of the form given in Eq. (102), by means of the normalized coherent state wave function
properties we obtain the following result:
〈›ψλ|RHˆE [N ]|›ψλ〉 ≈ −2…γκN(v) ∑
µ=±1/2
s(µ)
×
(»
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j˜xj˜y(j˜z + µ)Tr
[
τ3e
θ(A1(r)τ1+A2(r)τ2)eϕ((A1(r)τ2−A2(r)τ1) sin (θ+θ))
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× e−θ(A1(r)τ1+A2(r)τ2)e−ϕ((A1(r)τ2−A2(r)τ1) sin θ)
])
≈ −2
…
γ
κ
N(v)»
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0
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0
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θj
0
z j
0
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ó
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0
xj
0
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× e−θ(A1(r)τ1+A2(r)τ2)e−ϕ((A1(r)τ2−A2(r)τ1) sin θ)
])
= − 2
κ
N(v)√
det(E)
×
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−iα˜− i2 (Ar(r)+Ar(r+r))r− 12
(√
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√
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)
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√
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√
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−A21(r)−A22(r)
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√
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√
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θ
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ie
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(√
−A21(r)−A22(r)+
√
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)
θ
ò
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√
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√
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×
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A1(r + r) + i
Ä
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ã
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(
−1 + e
√
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)(
1 + e
√
−A21(r+r)−A22(r+r)θ
)
×
Å
− ei(2α˜+Ar(r)r)(A1(r)− iA2(r)) + eiAr(r+r)r (A1(r) + iA2(r))
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/(
8
»
−A21(r)−A22(r)
»
−A21(r + r)−A22(r + r)
)
+r
(
Eθ1 cos α˜+ E
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2 sin α˜
)
(−Eϕ1 sin α˜+ Eϕ2 cos α˜)
1
8
e−
1
2
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−A21(r)−A22(r)(2θ+(sin θ+sin (θ+θ))ϕ)
×
(
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√
−A21(r)−A22(r)θ
)(
−1 + e
√
−A21(r)−A22(r)(sin θ+sin (θ+θ))ϕ
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, (104)
where we have used Eq. (97) of the coherent states to peak the fluxes around their semiclassical values.
If we now expand the lengthy expression above to third order in the ’s and use Eq. (97), we get
25
〈›ψλ|RHˆE [N ]|›ψλ〉 ≈ rθϕκ N(v)√det(E)[Er3Ar (Eθ1A1 + Eθ2A2)+ Er3(Eθ1A′2 − Eθ2A′1)
+ sin θ (Er3Ar (E
ϕ
2 A1 − Eϕ1 A2) + Er3(Eϕ2 A′2 + Eϕ1 A′1))
+ sin θ(Eθ1E
ϕ
2 − Eθ2Eϕ1 )
(
A21 +A
2
2
) ]
+ o(4) , (105)
which matches exactly the classical expression given in Eq. (35) in the limit r, θ, ϕ → 0, once summed over all the
vertices.
In order to obtain the full expression of the spherically symmetric Euclidean Hamiltonian constraint given in Eq.
(34), we also need to quantize the extra terms in Eq. (24) coming from the phase space extension of the gauge unfixing
procedure. The quantization of all these extra terms would result in a rather complicated operator. However, we
know from the classical analysis that only the last term in Eq. (36) will remain. Therefore, in order to simplify the
construction of the full Euclidean Hamiltonian constraint, let us just quantize the term
RHext[N ] =
1
κ
∫
Σ
d3x
N√
det(E)
EAI ∂A∂BE
IB . (106)
Following the quantization prescription given in Eq. (87) for the second derivatives of the fluxes, the quantum version
of the Euclidean Hamiltonian constraint regularized on a cubic cell dual to a 6-valent node v with coordinates {r, θ, ϕ}
and its neighbouring ones is given by
RHˆext [N ] =
1
κ
N(v)
RVˆ (v)
[
REˆI(S
θ(r, θ, ϕ))
Ä
REˆI(S
θ(r, θ + 2θ, ϕ))− 2REˆI(Sθ(r, θ + θ, ϕ)) + REˆI(Sθ(r, θ, ϕ))
ä
+REˆI(S
ϕ(r, θ, ϕ))
Ä
REˆI(S
θ(r, θ + θ, ϕ+ ϕ))− REˆI(Sθ(r, θ + θ, ϕ))− REˆI(Sθ(r, θ, ϕ+ ϕ)) + REˆI(Sθ(r, θ, ϕ))
ä
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ä]
. (107)
When computing its expectation value on the coherent state defined in Eq. (102), it is immediate to see that only
the first line on the right-hand side of the expression above contributes. Therefore we get
〈›ψλ|RHˆext [N ]|›ψλ〉 ≈ 1κ rϕθ N(v)√det(E) (Eθ1Eϕ2 − Eθ2Eϕ1 )[ sin (θ + 2θ)− 2 sin (θ + θ) + sin θ]
≈ −rθϕ
κ
N(v)√
det(E)
(Eθ1E
ϕ
2 − Eθ2Eϕ1 ) sin θ + o(4) . (108)
Therefore, at the leading order we recover∑

〈›ψλ| ÄRHˆE [N ] + RHˆext [N ]ä |›ψλ〉 ≈ HEsph[N ] + o(4) , (109)
showing how our construction exhibits the correct semiclassical limit.
We can now write the first order correction to the classical expression of the reduced Euclidean Hamiltonian
constraint above. This is obtained by looking at the terms of order four in  in Eq. (104) as well as in Eq. (107). We
find
〈›ψλ|RHˆE [N ] + RHˆext [N ]|›ψλ〉(1) ≈ rθϕκ N(v)√det(E)[12Er3 (Eθ1(−A2rA2 + 2ArA′1 +A′′2) + Eθ2(A2rA1 + 2ArA′2 −A′′1)) r
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2
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(
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2
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)
r
− sin(2θ)
4
(Er3Ar(E
ϕ
2 A2 + E
ϕ
1 A1) + E
r
3 (E
ϕ
1 A
′
2 − Eϕ2 A′1)) ϕ
+ cos θ(Eθ1E
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(
A21 +A
2
2 − 1
)
θ
]
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=
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[
sin θEr
(
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)
r
+ cos θ((E1)2 + (E2)2)
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))
ϕ
]
, (110)
where in the last equality we have used Eq. (12). Notice that since the second and the last correction terms
proportional to θ and ϕ contain an overall θ-dependent part of the form respectively cos θ and sin(2θ), in the
continuum limit when integrating over θ ∈ [0, pi] they both vanish. However, the first correction term proportional to
r has an overall θ dependence that survives the integral and it represents the only correction at first order.
Therefore, after performing the sum over all cuboidal cells of the triangulation and taking the continuum limit
r, θ, ϕ → 0, we obtain the effective Euclidean Hamiltonian constraint for a spherically symmetric spacetime given
by the quantum corrected expression
RHEeff [N ] =
1
2G
∫
Σ
dr
N(r)√
((E1)2 + (E2)2)Er
[(
2ErAr
(
E1A1 + E
2A2
)
+ 2Er(E1A′2 − E2A′1)
+ ((E1)2 + (E2)2)
(
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2
2
))
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(
ErAr
(
ArE
2A1 −ArE1A2 + 2E1A′1 + 2E2A′2) + Er
(
E1A′′2 − E2A′′1
)))]
. (111)
B. Lorentzian term
The expectation value of the Lorentzian Hamiltonian constraint operator can be computed using its expression in
terms of the densitized scalar curvature expressed as a function of the fluxes and their derivatives alone, as obtained
in Eq. (A17). Let us set θ = ϕ =  and quantize derivatives of the fluxes again in terms of discrete differences as
defined in Eqs. (86) and (87). We have
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×
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]
− 22(sin θ)2Er (E2(r + r)− E2(r)) (Er(r + r)− Er(r)))
+ (Eϕ1 )
2(sin θ)282r(E
r)2
(
− 42r(Eϕ2 )2
[
(sin (θ + )− sin θ)2 − sin θ(sin (θ + 2)− 2 sin (θ + ) + sin θ)]
+ 22rE
ϕ
2 E
1
[
(sin (θ + )− sin θ)2 + sin θ(sin (θ + 2)− 2 sin (θ + ) + sin θ)]
+
[
42r(E
1)2(sin (θ + )− sin θ)2 + (sin θ)22(Er(r + r)− Er(r))2 + 4(sin θ)22Er(r) (Er(r + 2r)− 2Er(r + r) + Er(r))
])
+ 82rE
ϕ
2 (sin θ)
2(Er)2
(
− 2 (Eϕ2 )32r
[
(sin (θ + )− sin θ)2 − sin θ(sin (θ + 2)− 2 sin (θ + ) + sin θ)]
+ 2(Eϕ2 )
22rE
1
[
(sin (θ + )− sin θ)2 + sin θ(sin (θ + 2)− 2 sin (θ + ) + sin θ)]
− 42(sin θ)2Er(E1(r + r)− E1(r))(Er(r + r)− Er(r))
+ Eϕ2
[
42r(E
2)2(sin (θ + )− sin θ)2 + 2(sin θ)2 [(Er(r + r)− Er(r))2 + 4Er (Er(r + 2r)− 2Er(r + r) + Er(r))] ])ò
=
1
κ
Å
1 +
1
γ2
ã
N(v)
2
√
Er[(E1(r))2 + (E2(r))2]3/2
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×
[
4r
ï
(E2(r))2 + (E1(r))2
ò2
(sin (θ + 2)− 2 sin (θ + ) + sin θ)
+
2
r
sin θ
ï
(E1(r))2 + (E2(r))2
ò(
(Er(r + r)− Er(r))2 + 4Er(r) (Er(r + 2r)− 2Er(r + r) + Er(r))
)
− 4
2
r
sin θEr(r)(Er(r + r)− Er(r))
ï
E1(r)(E1(r + r)− E1(r)) + E2(r)
(
E2(r + r)− E2(r)
) ò]
. (112)
By expanding the above expression for the expectation value up to the fourth order in ’s, we get
〈›ψλ|RHˆL[N ]|›ψλ〉 ≈ 1κ Å1 + 1γ2ã r2N(v)2√Er[(E1(r))2 + (E2(r))2]3/2
×
[
− 4 sin θ
ï
(E2(r))2 + (E1(r))2
ò2
+ sin θ
ï
(E1(r))2 + (E2(r))2
òÅ
(Er
′
(r))2 + 4Er(r)Er
′′
(r)
ã
− 4 sin θEr(r)Er′(r)
ï
E1(r)E1
′
(r) + E2(r)E2
′
(r)
ò
− 4 cos θ
ï
(E2(r))2 + (E1(r))2
ò2
+ r sin θ
[ï
(E1(r))2 + (E2(r))2
òÅ
Er
′
(r)Er
′′
(r) + 4Er(r)Er
′′′
(r)
ã
− 2Er(r)
ï
E1(r)
Ä
Er
′
E1
′′
(r) + Er
′′
E1
′
(r)
ä
+ E2(r)
Ä
Er
′
E2
′′
(r) + Er
′′
E2
′
(r)
ä ò]]
(113)
=
2
κ
Å
1 +
1
γ2
ã
r
2N(v)
×
{
sin θ
[
Λ(r)
Å
(R′(r))2
Λ2(r)
− 1
ã
+ 2
R(r)
Λ(r)
Å
R′′(r)− Λ
′(r)R′(r)
Λ(r)
ã]
+ r
sin θ
Λ(r)
[
2R′(r)R′′(r) + 2R(r)R′′′(r)− 3Λ
′(r)(R′(r))2
Λ(r)
− Λ
′′(r)R(r)R′(r)
Λ(r)
− 2Λ
′(r)R(r)R′′(r)
Λ(r)
]
−  cos θΛ(r)
}
. (114)
We see that the leading term in the last equality above reproduces the classical expression given in Eq. (40) for the
Lorentzian part of the Hamiltonian constraint. The last two subleading terms correspond to quantum corrections.
However, notice that the second correction term proportional to  vanishes when the integral over θ is performed and
only the correction proportional to r remains. Equivalently, the classical and the correction terms expressions in
terms of densitized triads can be read off of the first equality in Eq. (113).
VIII. CONCLUDING REMARKS
In this article we laid the foundations for a systematic treatment of spherically symmetric spacetimes in the frame-
work of LQG. Applying the QRLG proposal, we implemented a quantization program that is aimed at identifying
a symmetric sector at the quantum level, thus reverting the process of symmetry reduction and quantization that is
frequently adopted in all existing treatments of quantum black holes. The main result of this paper is the construction
of an effective Hamiltonian that can now be used to evolve black hole initial data sets while incorporating quantum
corrections. To construct this Hamiltonian, we first built a convenient quantum gauge fixed kinematical Hilbert space
that is compatible with a radial gauge even in the absence of symmetry. This was used to define coherent states where
a notion of spherical symmetry could be imposed at the level of expectation values of geometrical operators. We then
quantized the modified Hamiltonian constraint resulting from the gauge unfixing procedure as explained in Sec. III.
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Finally we computed the effective Hamiltonian as the expectation value of the modified Hamiltonian operator on the
coherent states that, if sharply peaked, are the best candidates to describe classical geometries.
The classical data entering the coherent states can now be seen as the initial data set to be evolved with the effective
Hamiltonian. The importance of our result lies in the fact that it is not tied to a particular choice of foliation, allowing
one to treat on equal footing various sets of coordinate systems such as horizon penetrating coordinates or coordinates
restricted to the interior or exterior of the event horizon of a black hole. This is a significant addition to the existing
literature that mainly deals with either the interior or the exterior of event horizons. In most of the previous treatments
of this problem, one has been forced to use different Hilbert spaces for the interior and the exterior (as a result of
the classical symmetry reduction process) which is normally plagued by ambiguities associated with gluing together
interior and exterior geometries. 12
We are now in a position to study the equation of motion generated by the effective Hamiltonian. In the forthcoming
works we will present the dressed metric that incorporates the quantum corrections and verify its compatibility with
the existing results based on polymerlike quantization that is used in LQC or the proposed Planck star metric. In
particular, it was shown in the cosmological context that scenarios different from a symmetric or asymmetric bounce
are possible 13 and it would be interesting to explore the consequences of this type of singularity resolution on the
black hole-white hole scenario. Our final aim in the foreseeable future is to solve the quantum gravitational collapse
problem in the presence of matter through the simplifications introduced by the QRLG approach, which facilitates
the inclusion of extra fields [120, 121].
Another important application of our construction that is related to the issues of singularity resolution and the
black hole information loss paradox is to illuminate the quantum nature of black hole entropy. This problem has
quite a long history in the LQG literature. The first ideas on how to microscopically describe the degrees of freedom
accounting for the Bekenstein-Hawking entropy formula date back to the works [122–124]. This approach was then
refined within the framework of “isolated horizons” in [125–127] and generalized to the full gauge-invariant case in [128–
132]. Despite the remarkable success of these results in recovering the entropy-area law from a quantum description
of the horizon gravitational degrees of freedom, there are two open issues that still affect the LQG derivation of
black hole entropy. The first concerns the role of the Barbero-Immirzi parameter in recovering the exact numerical
coefficient 1/4 in the Bekenstein-Hawking entropy formula (see [133–142] for an extensive debate on this topic). The
second somehow unsatisfactory feature of the LQG black hole entropy calculation that is oftentimes simply glossed
over is the assumption of the validity of the “weak holographic principle” [143] leading to a horizon density matrix in
which both the interior and the exterior of the black hole quantum geometry degrees of freedom are traced over.
Our construction has the potential to solve both issues, or at least to provide important insights about them. In
fact, concerning the fixation of the Barbero-Immirzi parameter, it has recently been pointed out in the literature
[76, 77, 136, 144, 145] that new degrees of freedom should be included in the partition function in order to set
γ free from any numerical constraint. 14 This is in addition to the internal gauge degrees of freedom already
accounted for in the standard calculation. These new degrees of freedom have been identified with either graph
combinatorial structures or inclusion of matter (see, however, [144] for a possible unification of the two). Since our
construction of a spherically symmetric black hole quantum geometry derives from the full theory and does not rely
on Chern-Simons techniques to model the horizon as a single intertwiner Hilbert space, new horizon graph degrees of
freedom are automatically included in the horizon partition function. At the same time, inclusion of matter can be
implemented in a straightforward manner as pointed out above. This provides the possibility to investigate the role
of the Barbero-Immirzi parameter in the entropy calculation through a physically richer modelization of the horizon
quantum geometry.
Concerning the validity of the weak holographic principle, i.e. the idea that the degrees of freedom relevant to
the Bekenstein-Hawking entropy formula are only those lying at the horizon and in its vicinity, this is expected to
be proven by the implementation of the quantum dynamics. More precisely, it is the solution of the Hamiltonian
constraint, as well as the implementation of semiclassical consistency conditions that should introduce correlations
between the horizon and the interior degrees of freedom. In fact, contrary to the AdS/CFT proposal, we expect
the notion of holography to emerge only at the semiclassical level (see, e.g., [25] for a discussion of this point of
view). An intriguing scenario would be the possibility to construct physical solutions from the repeated action of the
12 In the symmetry reduced phase space quantization scheme of [62, 63, 115] one is still able to use the same kinematical Hilbert space for
the solutions to the Hamiltonian constraint both in the exterior and the interior, in the sense that they have finite norm with respect to
the same inner product. However, one of the quantum number characterizing the solutions changes from real to pure imaginary when
going from the exterior to the interior. This implies that, effectively, one ends up treating the two regions separately and the structure
of the complete solution at the horizon is not specified, leaving the gluing amibiguity. Let us also point out that the Hamiltonian that
is quantized in [62, 115] corresponds to the correct equation of motion on-shell but it results in an algebra that is not equivalent to
Dirac algebra restricted to the symmetric subspace. Here, in contrast, we deal with the original set of constraints. More generally, some
issues associated with the covariance of the quantization scheme in the symmetry-reduced phase space approach were raised in [116]
and [117], and their implications for the effective line element were investigated in [118] and [119]. The question of covariance within
our framework is an important aspect left for future investigations.
13 Namely, the emergent bouncing Universe [90].
14 A possible source of the ambiguity behind the role of γ may also be related to the issue pointed out in [146], namely the inadequacy
of the isolated horizon boundary condition usually implemented in the quantum theory to single out the notion of a horizon. The
characterization of an isolated horizon through new degrees of freedom emerging from some particular boundary conditions, as well as
through a maximal entropy principle, may settle this ambiguity.
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Hamiltonian constraint operator on a seed state, along the lines of the GFT condensates philosophy [76, 77] but now
with a concrete notion of the dynamics at hand. This could allow for the construction of a physical black hole interior
density matrix given by a weighted sum over graphs with weights provided by matrix elements of the Hamiltonian
constraint. In this picture then, a concrete notion of holography could be described and tested by understanding how
dynamics is implemented as a refinement operation and by going to a continuum limit by means of coarse graining
techniques, in the spirit of [147, 148]. This is clearly a very ambitious and long-term plan that we leave for future
investigations. However, all the necessary ingredients and tools are now at our disposal.
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Appendix A: Connection coefficients and curvature for geometries in spherical symmetry
The components of an antisymmetric spin connection solution to the torsion-free equation deI = −ωIJ ∧ eJ can be
written as
ωIJ =
1
2
(cIJK + cIKJ − cJKI)eK , (A1)
where cIJK are the structure functions. Using this one can read off the expression
deI = −1
2
cJK
IeJ ∧ eK . (A2)
From Eq. (8a) we have
de0 = N ′dr ∧ dt = N
′
NΛ
e3 ∧ e0 ,
de3 = (Λ′Nr + ΛNr ′)dr ∧ dt− Λ˙dr ∧ dt = (Λ
′Nr + ΛNr ′ − Λ˙)
NΛ
e3 ∧ e0 ,
de1 = R′ cosαdr ∧ dθ −R′ sin θ sinαdr ∧ dϕ
+ R˙ cosαdt ∧ dθ − R˙ sin θ sinαdt ∧ dϕ
− R cos θ sinαdθ ∧ dϕ
=
R′
RΛ
e3 ∧ e1 + (R˙−R
′Nr)
RN
e0 ∧ e1 − cot θ sinα
R
e1 ∧ e2 ,
de2 = R′ sinαdr ∧ dθ +R′ sin θ cosαdr ∧ dϕ
+ R˙ sinαdt ∧ dθ + R˙ sin θ cosαdt ∧ dϕ
+ R cos θ cosαdθ ∧ dϕ
=
R′
RΛ
e3 ∧ e2 + (R˙−R
′Nr)
RN
e0 ∧ e2 + cot θ cosα
R
e1 ∧ e2 .
Using Eq. (A2), the corresponding nonvanishing structure functions are
c30
0 = −c030 = − N
′
NΛ
c30
3 = −c033 = − (Λ
′Nr + ΛNr ′ − Λ˙)
NΛ
c01
1 = −c101 = R
′Nr − R˙
RΛ
c02
2 = −c202 = R
′Nr − R˙
RΛ
30
c31
1 = −c131 = − R
′
RΛ
c12
1 = −c211 = cot θ sinα
R
c32
2 = −c232 = − R
′
RΛ
c12
2 = −c212 = −cot θ cosα
R
.
We insert these in Eq. (A1) and find
ω03 = − N
′
NΛ
e0 +
(Λ′Nr + ΛNr ′ − Λ˙)
NΛ
e3
=
(Nr
N
(Λ′Nr + ΛNr ′ − Λ˙)− N
′
Λ
)
dt+
(Λ′Nr + ΛNr ′ − Λ˙)
N
dr , (A3a)
ω01 = −ω01 = (R
′Nr − R˙)
RΛ
e1 =
(R′Nr − R˙)
Λ
cosαdθ − (R
′Nr − R˙)
Λ
sin θ sinαdϕ , (A3b)
ω02 = −ω02 = (R
′Nr − R˙)
RΛ
e2 =
(R′Nr − R˙)
Λ
sinαdθ +
(R′Nr − R˙)
Λ
sin θ cosαdϕ , (A3c)
ω12 =
cot θ sinα
R
e1 − cot θ cosα
R
e2 = − cos θdϕ , (A3d)
ω13 =
R′
RΛ
e1 =
R′
Λ
(cosαdθ − sin θ sinαdϕ) , (A3e)
ω23 =
R′
RΛ
e2 =
R′
Λ
(sinαdθ + sin θ cosαdϕ) . (A3f)
For the connection coefficients Γia = − 12ijkωjka , from the expressions above we obtain
Γ1ϕ = − sin θ Γ2θ = − cosα sin θ
R′
Λ
, (A4a)
Γ2ϕ = sin θ Γ
1
θ = − sinα sin θ
R′
Λ
, (A4b)
Γ3ϕ = cos θ , (A4c)
Γir = 0 , (A4d)
from which we compute the intrinsic curvature components Rkab = 2∂[aΓ
k
b] + 
k
lmΓ
l
aΓ
m
b ,
R1rϕ = − sin θ R2rθ = ∂rΓ1ϕ = − cosα sin θ
Å
R′′
Λ
− R
′Λ′
Λ2
ã
, (A5a)
R2rϕ = sin θ R
1
rθ = ∂rΓ
2
ϕ = − sinα sin θ
Å
R′′
Λ
− R
′Λ′
Λ2
ã
, (A5b)
R3θϕ = ∂θΓ
3
ϕ + 2 Γ
[1
θ Γ
2]
ϕ = sin θ
Å
(R′)2
Λ2
− 1
ã
(A5c)
R1θϕ = R
2
θϕ = 0 , (A5d)
and
R = −ijkRkabeai ebj = 4er3
(
R1rθe
θ
2 −R2rθeθ1
)
+ 2R3θϕ(e
θ
2e
ϕ
1 − eθ1eϕ2 )
=
4
RΛ2
Å
R′Λ′
Λ
−R′′
ã
+
2
R2
Å
1− (R
′)2
Λ2
ã
. (A6)
For the components of the Ashtekar-Barbero connection Aia = Γia + γKia, namely F iab(A) = 2∂[aA
i
b] + 
i
jkA
j
aA
k
b , we
use Eq. (13) to get
F 1rθ(A) = ∂rA
1
θ −A2θA3r = A′1 −A2Ar , (A7a)
F 1rϕ(A) = ∂rA
1
ϕ −A2ϕA3r = − sin θ (A′2 +A1Ar) , (A7b)
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F 1θϕ(A) = ∂θA
1
ϕ +A
2
θA
3
ϕ = 0 , (A7c)
F 2rθ(A) = ∂rA
2
θ +A
1
θA
3
r = A
′
2 +A1Ar , (A7d)
F 2rϕ(A) = ∂rA
2
ϕ +A
1
ϕA
3
r = sin θ (A
′
1 −A2Ar) , (A7e)
F 2θϕ(A) = ∂θA
2
ϕ −A1θA3ϕ = 0 , (A7f)
F 3rθ(A) = F
3
rϕ(A) = 0 , (A7g)
F 3θϕ(A) = ∂θA
3
ϕ +A
1
θA
2
ϕ −A1ϕA2θ = sin θ
[
A21 +A
2
2 − 1
]
. (A7h)
1. Densitized scalar curvature in terms of fluxes
Here we express the densitized scalar curvature,
√
det(E)R, in terms of the fluxes and their derivatives. The final
result of this calculation appears in Eq. (40).
The starting equation is »
det(E)R = −
»
det(E)ijkRkabe
a
i e
b
j
= − ijk√
det(E)
Eai E
b
j
(
2∂[aΓ
k
b] + 
k
lmΓ
l
aΓ
m
b
)
. (A8)
Note that by our gauge condition, the only nonvanishing fluxes are
Er3 , E
θ
a, E
θ
2 , E
ϕ
1 , E
ϕ
2 . (A9)
We are also going to exploit some simplifications resulting from spherical symmetry. Let us emphasize that this is
not going to undermine the generality of our quantum result when computing the expectation value of the Lorentzian
Hamiltonian constraint operator. This is due to the fact that the coherent states constructed to implement the
spherical symmetry enforce these simplifications in the final result for the expectation value. This is just a matter
of convenience to avoid even lengthier expressions which in the end yield the same effective result. However, we are
not going to use the explicit spherically symmetric expressions for the fluxes within terms containing nonvanishing
derivatives (in the spherically symmetric case) since this would yield simplifications which a priori, while preserving
the semiclassical expression, could remove sources of quantum corrections at higher orders.
So first, as it was also previously shown due to spherical symmetry, the only nonzero Γias are
Γ1ϕ,Γ
2
ϕ,Γ
3
ϕ,Γ
1
θ,Γ
2
θ. (A10)
Additionally, due to spherical symmetry neither the fluxes nor the spin connections depend on the coordinate ϕ.
Taking advantage of these simplifications, Eq. (A8) becomes»
det(E)R = − ijk√
det(E)
Eai E
b
j
(
2∂[aΓ
k
b] + 
k
lmΓ
l
aΓ
m
b
)
= − 2√
det(E)
ï
Ea1E
b
2
(
2∂[aΓ
3
b] + 
3
lmΓ
l
aΓ
m
b
)
+ Ea2E
b
3
(
2∂[aΓ
1
b] + 
1
lmΓ
l
aΓ
m
b
)
+ Ea3E
b
1
(
2∂[aΓ
2
b] + 
2
lmΓ
l
aΓ
m
b
)ò
= − 2√
det(E)
ï
Ea1E
b
2
(
2∂[aΓ
3
b] + Γ
1
aΓ
2
b − Γ2aΓ1b
)
+ Ea2E
b
3
(
2∂[aΓ
1
b] + Γ
2
aΓ
3
b
− Γ3aΓ2b
)
+ Ea3E
b
1
(
2∂[aΓ
2
b] + Γ
3
aΓ
1
b − Γ1aΓ3b
)ò
= − 2√
det(E)
ï
(Ea1E
ϕ
2 − Ea2Eϕ1 )∂aΓ3ϕ + Ea1Eb2(Γ1aΓ2b − Γ2aΓ1b)− Ea2Er3∂rΓ1a
+ Ea1E
r
3∂rΓ
2
a
ò
= − 2√
det(E)
ï
2E
[θ
1 E
ϕ]
2 ∂θΓ
3
ϕ + 4E
[θ
1 E
ϕ]
2 Γ
1
[θΓ
2
ϕ] − Eθ2Er3∂rΓ1θ − Eϕ2 Er3∂rΓ1ϕ
+ Eθ1E
r
3∂rΓ
2
θ + E
ϕ
1 E
r
3∂rΓ
2
ϕ
ò
.
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(A11)
For our purposes, we can further simplify Eq. (A11) by using the following relations which are due to spherical
symmetry:
Eθ1 = sin θE
ϕ
2 , E
θ
2 = − sin θEϕ1 ,
Γ1ϕ = − sin θΓ2θ, Γ2ϕ = sin θΓ1θ. (A12)
We shall use these equations everywhere except for the fluxes that are acted on by ∂θ. Doing this, we find»
det(E)R = − 2»
sin θ Er3
[
(Eϕ1 )
2 + (Eϕ2 )
2
]ï sin θ [(Eϕ1 )2 + (Eϕ2 )2]∂θΓ3ϕ
+ sin2 θ
[
(Eϕ1 )
2 + (Eϕ2 )
2
][
(Γ1θ)
2 + (Γ2θ)
2
]
+ 2 sin θEr3E
ϕ
1 ∂rΓ
1
θ
+2 sin θEϕ2 E
r
3∂rΓ
2
θ
ò
= − 2»
sin θ Er3
[
(Eϕ1 )
2 + (Eϕ2 )
2
]ï sin θ [(Eϕ1 )2 + (Eϕ2 )2](∂θΓ3ϕ
+ sin θ
[
(Γ1θ)
2 + (Γ2θ)
2
])
+ 2 sin θEr3
(
Eϕ1 ∂rΓ
1
θ + E
ϕ
2 ∂rΓ
2
θ
)ò
. (A13)
We now eliminate Γia in favor of Eai and its derivatives. By definition we have
Γjb = −
1
2
jikEak
ï
Eib,a − Eia,b + EciElbElc,a + Eib
det(E),a
det(E)
− 1
2
Eia
det(E),b
det(E)
ò
, (A14)
with
Eia =
1
2det(E)
abc
ijkEbjE
c
k. (A15)
For Γiθ and Γ
3
ϕ we find
Γ3ϕ = −
1
2
Eθ2
ï
E1ϕ,θ + E
θ
1(E
1
ϕE
1
θ,θ + E
2
ϕE
2
θ,θ) + E
ϕ
1 (E
1
ϕE
1
ϕ,θ + E
2
ϕE
2
ϕ,θ)
+E1ϕ log [det(E)],θ
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+
1
2
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θ
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ϕE
1
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ϕE
2
θ,θ) + E
ϕ
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1
ϕE
1
ϕ,θ
+E2ϕE
2
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2
ϕ log [det(E)],θ
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= − 1
2Er3(E
θ
2E
ϕ
1 − Eθ1Eϕ2 )2
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Eθ2E
ϕ
1 E
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×[Eϕ2 Eθ1,θ + Eϕ1 Eθ2,θ]
)
+ (Eθ2)
2
(
Eθ2E
ϕ
1 E
r
3,θ + E
r
3 [E
ϕ
2 E
θ
1,θ + E
ϕ
1 E
θ
2,θ]
)
−Eθ1Eθ2
(
Eθ2E
ϕ
2 E
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3,θ + 2E
r
3 [−Eϕ1 Eθ1,θ + Eϕ2 Eθ2,θ]
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= − 1
2(Er3)
2[(Eϕ1 )
2 + (Eϕ2 )
2]2
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− 2(E
r
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2
sin θ
(
Eϕ1 E
θ
1,θ + E
ϕ
2 E
θ
2,θ
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+ sin θ [(Eϕ1 )
2
+(Eϕ2 )
2]2 [(Er3,θ)
2 − Er3Er3,θθ] + Er3 [(Eϕ1 )2 + (Eϕ2 )2]
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r
3,θE
θ
2,θ + E
r
3E
θ
2,θθ]
)ò
, (A16a)
Γ1θ = −
1
2
Er3
ï
E2θ,r + E
θ
2(E
1
θE
1
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2
θE
2
θ,r) + E
ϕ
2 (E
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θE
1
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= − 1
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+Eϕ1 E
ϕ
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Γ2θ =
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In Eq. (A16) we used ∂θE
ϕ
i = 0 as suggested by spherical symmetry. Using the above, Eq. (A13) reduces to»
det(E)R = − 1
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Appendix B: Coherent states
The derivation of Eq. (91) is straightforward given that only τ3 appears. Let us then show how we arrive at Eqs.
(92) and (93) by providing a few more details. First of all, given the property u−1` τ`u` = τ3 and the relations given
in Eq. (53), we have
τx = τ1 cos α˜+ τ2 sin α˜ ,
τy = −τ1 sin α˜+ τ2 cos α˜ ,
τ1 = τx cos α˜− τy sin α˜ ,
τ2 = τx sin α˜+ τy cos α˜ ,
from which
E1τ1 + E
2τ2 = Eτx , (B1)
E1τ2 − E2τ1 = Eτy , (B2)
with E = ΛR. Notice that we have expressed the relation between the internal directions (1,2) and (x, y) in terms of
the angle α˜ since we are interested in the classical solution for the triad and connection to define the SL(2,C) group
elements around which the semiclassical states are peaked. It follows that for the coherent state along the θ-direction
34
we have
xDjxn¯xm¯x
Å
eθ(A1τ1+A2τ2)e
λδ2
θ
κγ (E
1τ1+E
2τ2) sin θ
ã
= Djxn¯xm¯x
Å
u−1x e
θ(A1τ1+A2τ2)e
λδ2
θ
κγ Eτx sin θux
ã
= eλm¯x
δ2
θ
Ex
κγ xDjxn¯xm¯x
Ä
eθ(A1τ1+A2τ2)
ä
(B3)
where Ex = E sin θ.
Similarly, for the coherent state along the ϕ-direction we have
yD
jy
n¯ym¯y
Å
eϕ[(A1τ2−A2τ1) sin θ+cos θτ3]e
λδ2ϕ
κγ (E
1τ2−E2τ1)
ã
= eλm¯y
δ2ϕE
y
κγ yD
jy
n¯ym¯y
Ä
eϕ[(A1τ2−A2τ1) sin θ+cos θτ3]
ä
, (B4)
where Ey = E.
Appendix C: Approximating the Lorentzian Hamiltonian via techniques of Regge calculus
In this appendix we provide an alternative method for quantizing the Lorentzian part of the Hamiltonian constraint.
As we noted in Sec. III, the Lorentzian term can be written either in terms of the extrinsic curvature or in terms
of the 3D Ricci scalar as we do so in Eq. (31). In [149] a proposal was introduced aiming at providing an alternative
approach to Thiemann’s construction [105] for quantizing the Lorentzian term. The advantage of this approach is
that it is computationally straightforward. Nonetheless, this approach is inherently “perturbative” as will become
clear below. In situations where nonperturbative quantum gravity effects are likely to be influential (e.g. black hole
singularity resolution), this approach may fall short of providing both the correct qualitative and quantitative pictures.
Nevertheless, we now briefly review the regularization scheme of [149] and then describe how the Lorentzian part of
the Hamiltonian constraint can be quantized in our framework, using this approach.
The main idea behind the construction of [149] is to regularize the integral of the Ricci scalar over Σt by means of
Regge calculus [150], i.e. in terms of lengths and angles of the triangulation. More precisely, assuming that curvature
lies only on the hinges h of the simplicial decomposition ∆ of the 3D manifold Σ, we have the simplicial approximation
1
2
∫
∆
»
det(E)R =
∑
s
∑
h∈s
Lsh
Å
2pi
αh
− θsh
ã
, (C1)
where the first sum is over the simplices s of ∆ and the second one is over the hinges in the given simplex. The
geometrical quantity Lsh represents the length of the hinge h in the simplex s, θ
s
h is the dihedral angle at the hinge h,
and αh is the number of simplices sharing the hinge h. The continuum limit can be obtained by sending the typical
length of the lattice to zero and the construction can be straightforwardly generalized to nonsimplicial decompositions,
as long as the hinges are straight lines. 15
Let us focus on a 3-valent vertex v of our cuboidal decomposition. The three edges in the directions r, θ, ϕ emanating
from the vertex v represent the three hinges on which the curvature is concentrated (see Fig. 2). The lengths of these
three hinges are given respectively by
Lr =
√
ijkEj(Sθ)Ek(Sϕ)ilmEl(Sθ)Em(Sϕ)
V (v)
=
|E(Sθ)||E(Sϕ)|
V (v)
, (C2a)
Lθ =
√
ijkEj(Sr)Ek(Sϕ)ilmEl(Sr)Em(Sϕ)
V (v)
=
|E(Sr)||E(Sϕ)|
V (v)
, (C2b)
Lϕ =
√
ijkEj(Sr)Ek(Sθ)ilmEl(Sr)Em(Sθ)
V (v)
=
|E(Sr)||E(Sθ)|
V (v)
. (C2c)
Here the flux Ei(Sa) is defined in Eq. (44). The corresponding dihedral angles are
θr = pi − arccos
ñ
δijEi(S
θ[x1])Ej(S
ϕ[x2])
|E(Sθ)||E(Sϕ)|
ô
, (C3a)
15 In particular to the case of a cuboidal triangulation which we are interested in.
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θθ = pi − arccos
ï
δijEi(S
r[x1])Ej(S
ϕ[x2])
|E(Sr)||E(Sϕ)|
ò
, (C3b)
θϕ = pi − arccos
ñ
δijEi(S
r[x1])Ej(S
θ[x2])
|E(Sr)||E(Sθ)|
ô
, (C3c)
where |E(Sa)| = √δijEi(Sa)Ej(Sa). We promote the right-hand side of Eq. (C1) to an operator by replacing the
classical length and angle variables by their quantum counterparts. Now the expectation value of the quantum version
of the right-hand side of Eq. (C1) on the semiclassical states is simply given by the classical expression described
below.
To compute the right-hand side of Eq. (C1), we need the following expansion in terms of the holonomies of spin
connections
Ei(S
a[x1])Ej(S
b[x2]) = Ei(S
a[v])
[
δlj − abjklRkab(v)
]
El(S
b[v]) + o(3) . (C4)
On the left-hand side of the expression above, the two fluxes that read the dihedral angle around the hinge h are not
computed at the same point. They intersect the dual links (the edges of the graph) away from the vertex v, at two
points x1 and x2. On the right-hand side we have expressed their product in terms of the fluxes evaluated at the
same point v times the parallel transport through holonomies of the intrinsic curvature Γia from x1 and x2 to v. Such
parallel transport can be written as a Wilson loop on the plane dual to the hinge and thus expressed in terms of the
curvature of Γia.
v
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FIG. 2: Intersection of the graph with the dual surfaces where the fluxes are evaluated in order to compute the
dihedral angle around the hinge h.
It is immediate to see that the zeroth order in  inside the arccos function vanishes, since the fluxes are orthogonal,
and thus the leading order gives a o(2) term.
The contribution of a single 3-valent vertex to the integral of the Ricci scalar is hence given by (considering that
each hinge is shared by four cubes)∑
a=r,θ,ϕ
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By means of Eqs. (C2) and (C3), and the relation Eai =
√
det(E)eai , it is straightforward to check that∑
a=r,θ,ϕ
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as expected.
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1. Higher order holonomy correction to the triangulation formula for total curvature
Equation (C4) contains the first nontrivial correction due to the curvature. Here we derive the next order correction.
From the derivation of [151], we have
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For the length-angle formula, the first term in the square bracket does not contribute. The contribution of the second
term was worked out above. Here we focus on the third and fourth terms.
Note that since total curvature is invariant under arbitrary spatial diffeomorphisms, the final result of this calculation
cannot depend on the internal angle α. Therefore, for simplicity and to reduce the number of expressions we set α = 0
at the vertex v. This way eϕ1 = e
θ
2 = 0 at v. The nonvanishing holonomy corrections are
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The correction to the length-angle term becomes∑
a=r,θ,ϕ
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We can simplify the above expression by noting that
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Thus, (C9) becomes ∑
a=r,θ,ϕ
La
(pi
2
− θa
)∣∣∣
4
= −
rθϕ
2
»
det(E)
ï
θ
(
R2 112;θ +R
1
331;θ
)
+ϕ
(
R2 112;ϕ +R
2
332;ϕ
)
+ r
(
R1 331;r +R
2
332;r
)ò
. (C11)
It follows from symmetries of the Riemann tensor and the definition of the internal metric that
R2 112 = R2112 = −R1212, R1 331 = R1331 = −R1313,
R2 332 = R2332 = −R2323,
R1212 +R1313 = R11, R1212 +R3232 = R22,
R1313 +R2323 = R33. (C12)
Therefore, (C11) reduces to∑
a=r,θ,ϕ
La
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. (C13)
Due to spherical symmetry we have
R11;θ = e
θ2
1 Rθθ;θ = e
θ2
1 Rθθ,θ = 0,
R22;ϕ = e
ϕ2
2 Rϕϕ;ϕ = e
ϕ2
2 Rϕϕ,ϕ = 0,
R33;r = e
r2
3 Rrr;r = e
r2
3
[
Rrr,r − 2ΓrrrRrr
]
=
2
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ï
− 3RR′Λ′2
+Λ
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)
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)ò
. (C14)
Putting everything together, (C13) reduces to∑
a=r,θ,ϕ
La
(pi
2
− θa
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=
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2
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.
(C15)
That this result is somewhat different from what was obtained in Eq. (114) is not all that surprising. Indeed the
method here and the one is Sec. VIIB correspond to two different regularization schemes for the spin connections.
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